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Occasional cases of leptospirosis in 
Israel, in man and cattle, have been ob- 
served between 1945 and 1949 and were 
caused by the serotype grippotyphosa. 
They occurred sporadically and nearly 
exclusively in persons whose profession 
brought them in close contact with sick 
cattle or cattle carcasses, viz. veterinar- 
ians, butchers and cattle owners. 

Since 1949 the epidemiological pic- 
ture has changed. From then on almost 
every patient had some connection with 
field work, but no direct contact with 


cattle.!:? The latter situation is com- 


parable with that in several European 


countries (sugar cane and rice field 
workers disease, harvest disease, Erb- 
senpfliickerkrankheit). 

During winter and spring of 1949 and 
1950 an unusually large number of ro- 
dents ravaged the fields of Israel. At the 
same time leptospirosis occurred in man 


and cattle with extraordinary fre- 
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quency. The simultaneous nature of 
these occurrences made it likely that 
some epidemiologic relationship existed 
between them. 

In those areas where the disease pre- 
vailed, Olejnik and Shnyerson’ as well 
as the author,! found high agglutinin 
titers in the blood of the local voles, 
Microtus guentheri (Danford and Al- 
ston, 1880), against the leptospira type 
which was isolated from human and bo- 
vine patients (Leptospira grippotyphosa). 
Such antibodies, however, were not en- 
countered in voles, caught in places 
where leptospirosis did not prevail. In 
other wild rodents (rats, mice, gerbils) 
leptospira agglutinins were not found. 

The present paper deals with an in- 
vestigation on the susceptibility of field 
rodents in Israel (excluding the house 
mouse, Mus musculus) to various lep- 
tospira serotypes and their probable 
role in the spread of infection. 


MATERIALS AND METHODS 


The materials used for the infection consisted 
of: (a) pure cultures of several leptospira sero- 
types and (b) fresh blood, urine and suspensions 
of organ tissues from spontaneously infected men 
or animals. 

Most of the cultures had been incubated at 
30 C during 5 to 7 days prior to use. Slowly 
growing strains were allowed to remain in the 
incubator for a longer time, viz., up to 12 days. 

No special effort was made to overcome the 
technical difficulties of counting the number of 
leptospiras in the inoculum. In most of the cases 
the cultures used were of a density of 10 to 100 
leptospiras in every darkfield picture (dry system 


3. Olejnik, E. and Shnyerson, S. 1950, Nature, 
155: 526. 
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magnification 170). The comparison of any 
one reaction in different rodents is valid, how- 
ever, in that all animals in a single experiment re- 
ceived simultaneously the same inoculum of a 
given matérial. The dose of the injection was 
more or less dependent on the number of or- 
ganisms per cc, varying between 0.5 and 1 cc in 
the larger rodents, and 0.3 to 0.5 cc in the mice. 

Particulars concerning the origin and age of 
the leptospira strains used for the experiment 
are summarized in table 1 

The animals were mostly injected subcutane- 
ously or intraperitoneally, and occasionally 
along the oral route or in the conjunctival sac. 
Animals in their early stage of maturity were pre- 
ferred. In order to exclude the possibility of 
spontaneous infections in the test 
samples of blood were 


animals, 
taken at random from 
several of these animals prior to inoculation. In 


no instance were specific agglutinins or lysins 


against 
found. 

After the test animals died or had been killed, 
paraffin sections of the kidneys were histologic- 
ally examined by Dr. T. Nobel (haematoxylin- 


the leptospira serotypes in question 


TABLE 1 


Leptospira 


Strain 
species tra 


J. VAN DER HOEDEN 


eosin staining) and leptospiras were traced with 
the Levaditi’s silver impregnation technique. 

Cultures were ordinarily made from the kid- 
neys and liver, and occasionally also from the 
heart blood. Pieces of the organs, measuring a 
few mm, were aseptically removed with scissors, 
and by means of a platinum spatula macerated 
against the wall of a culture tube containing 5 cc 
of the slightly modified Chang’s liquid culture 
medium. After washing the material into the 
medium, the tubes were kept in the incubator at 
30 C during 3 weeks, meanwhile being repeatedly 
examined for growth. When, after several trans- 
plants, sufficient density of the culture was ob- 
tained, their serotype was checked against type 
specific rabbit antiserum. 

In addition to mice, rats and voles, the most 
common field rodent in Israel is a gerbil species, 
Meriones shawi (Duvernoy, 1842). In a relatively 
small area of the southern part of the country, 
between Tel-Aviv and Gaza, another gerbil, 
Meriones crassus sacramenti (Thomas, 1922), is 
found. The closely related, somewhat smaller 
Mer. cr. crassus (Siindevall, 1842) is a quite com- 
mon desert species. Gerbillus pyramidum (Geof- 


—Cultures used in the experiments. 





Isolated from 





Reference 
Country 





Meissar 
Shoham 

Geffen 
Niederhelfenswil 
Moscou V 


grippoty phosa 


icterohaemorrhagiae Betjes 
Bailey 
Field 
Wijnberg 
canicola Rishpon 
Sarafand 

Kfar Ono 
Aldgate 

Utrecht Hond IV 


$102 

Ma 31 
Wolf 
Microtus 


Dog 


ballum 


Mant 
Volet 


Sejroe M809 Man} 


Topo I 


pomona Austoni Man 


White mouse* 
White mouse 


Apodemus 


Israel 

Israel 

Israel 

Switzerland 
J.S.S.R. 


van der Hoeden, 1951* 
van der Hoeden, 1952 
Olejnik, 1950> 
Wiesmann, 1951 
Kritschewski, 1928° 


Wolff, 1952 

Broom, 1952 

Field and Sellers, 19504 
Schiiffner, 1926° 


Holland 
England 
England 
Holland 


Israel 
Israel 
Israel 
England 
Holland 


Holland 
Denmark 
Israel 
Israel 


Denmark 
Italy 


van der Hoeden, 1952 
van der Hoeden, 1953 
van der Hoeden, 1953 
Broom, 1948 
Schiiffner, 1931! 


Schiiffner, 19418 
Borg Petersen, 1952 
Olejnik, 1950 
Olejnik, 1950 


Borg Petersen, 1952 
Babudieri, 1952 


Italy Babudieri, 1952 





* Passed through guinea pig. 
t Passed through hamster. 


t Passed through white mouse, or originating from white mouse.® 


Passed through white mouse and guinea pig. 


® van der Hoeden, J. 1953, J. Comp. Path. & Therap. 63: 10 


> Olejnik, E. and Shnyerson, S. 1950, Nature, 166: 526; Olejaik, E. and See, S. 1952, Tr. Roy. Soc. Trop. Med. & 
Hyg. 46: 165; van der Hoeden, J. 1953, Tr. Roy. Soc. Trop. Med. & Hyg. 47: 


° Tarassof, S. and Epstein, H. 1928, Bull. Inst. age 27: 928; Tarassof, $ “931, 


Soradrager, B. 1939, Bull. Health Organ. L.O.N. 8: 
Field, H. S. and Sellers, K. C. 1951, Vet. Rec. és: 87. 
® Borg Petersen, C. 
144: 427. 


1938, Acta Conv. tert. trop. Morbis, 1: 396; Gispen, R. and Schiiffner, W. 


Ann. Inst. Pasteur, 46: 222; Walch- 


1939, Zentralbl. f. Bakt. 


f Klarenbeek, A. and Schiiffner, W. 1933, Neder. Tydjschr. v. Geneesk. 77: 4271; Schiiffner, W. 1934, Tr. Roy. Soc. Trop. 


Med. & Hyg. 28: 7. 
® Borg Petersen, C. 


1944, Acta path. et microbiol. Scandinav. 21: 594; Wolff, J. W., Bohlander, H. and Ruys, A. C. 1949, 
Antoni v. Leeuwenhoek, 15: 1. 
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froy, 1825) also lives in Israel's southern desert, 
the Negev, and in the extensive areas of sand 
dunes along the Mediterranean shore. 

The test animals employed in our experiments 
were: M. guentheri, Mer. shawi, Mer. cr. sacra- 
menti, Gerbillus pyramidium, the Syrian golden 
hamster (Cricetus auratus), the guinea pig, and 
albino mice. 


EXPERIMENTAL INFECTIONS 


In table 2 are summarized the reac- 
tions which were shown by the rodents 
mentioned above after injection with 
Lept. grippotyphosa, Leptospira ictero- 
haemorrhagiae, Leptospira canicola, Lept- 
ospira sejroe, Leptospira ballum, and 
Leptospira pomona, respectively. 

Several strains differed considerably 
in the time which elapsed since their 
original isolation from the host animal 
and their employment in this research. 

The influence of prolonged cultivation 
in artificial medium on the virulence of 
certain strains has been investigated by 
repeated testing of the transplants. 

In a few instances a comparison could 
be made of the results of infection fol- 
lowing the use of original animal mate- 
rial (blood, urine, tissues) containing lep- 
tospiras of unimpaired virulence with 
those of cultures obtained from the same 
materials. 


SUMMARY AND CONCLUSIONS 


1. All species of rodents mentioned in 
the above investigations proved to be 
susceptible to infection by various sero- 
types of leptospiras. Differences in sus- 
ceptibility were obvious from the mor- 
bid symptoms, the mortality, the ap- 
pearance of jaundice and interstitial 
nephritis, and the presence of lepto- 
spiras in blood and organs. All animals 
showing icterus died. 

2. Asarule in M. guentheri, infection 
did not cause perceptible clinical reac- 
tions. Only rarely did illness and death 
occur (with Lept. icterohaemorrhagiae 
and Lept. pomona). In no case was jaun- 
dice noticed. Occasionally interstitial 
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nephritis was found upon histological 
examination, and leptospiras were regu- 
larly present in the kidneys. Here they 
remained for at least as long as 4 months 
after the animal was infected. It may be 
concluded that certain serotypes of lep- 
tospiras are able to induce a healthy 
carrier state in M. guentheri and that 
the organisms are shed in its urine. 

3. Various leptospira serotypes exert 
a more pathogenic effect on Mer. shawi, 
Mer. cr. sacramenti and Gerb. pyra- 
midum than on M. guentheri. Almost 
every animal of those three species of 
gerbils used in the experiment died with- 
in the week following infection either 
with recently isolated cultures or with 
fresh material from infected animals. 
The majority of infected gerbils showed 
icterus, especially in rapidly developing 
cases. Like in the vole, jaundice was 
never noticed in guinea pigs and mice, 
and even in golden hamsters icterus oc- 
curred less constant than in the gerbils. 

4. Dropping a culture of Lept. ictero- 
haemorrhagiae into the eyes and mouth 
of Gerb. pyramidum and infecting Mer. 
cr. sacramenti along the same routes with 
Lept. canicola proved to be very effec- 
tive. It must be taken into account that 
in such cases the number of leptospira 
organisms entering into the tissues is 
much smaller than by direct subcuta- 
neous or intraperitoneal injection. 

5. Subculturing of leptospiras us- 
ually caused rapid reduction and finally 
even complete loss of virulence. Some 
strains remained virulent much longer 
for several species of rodents than other 
strains of the same serotype. The patho- 
genicity of very old leptospira strains to 
the gerbil species was similar to that of 
freshly isolated strains to M. guentheri. 
When comparing the reactions following 
injection with fresh animal material 
with those after injection with culture- 
suspensions, one should bear in mind 
that in the former case the number of or- 
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ganisms is much smaller than in the 
latter. It seemed that the leptospiras 
present in the animal tissues were more 
virulent than those in the primary cul- 
ture isolated from these organs. 

6. Young Syrian hamsters have been 
recommended by several authors as 
suitable test animals for diagnostic and 
research work with regard to Lept. 
icterohaemorrhagiae and Lept. canicola. 
Our data show that Lept. grippotyphosa 
and Lept. sejroe are also pathogenic for 
this rodent. 

7. In view of their great susceptibility 
to several leptospira serotypes, Mer. 
shawi and Mer. cr. sacramenti are excel- 
lent test animals in leptospira research. 
The last mentioned species is the one of 
special preference. It is docile, can be 
easily handled, does not bite, is mute, 
moves rather slowly, does not jump, and 
its size is equal to that of a large rat (ap- 
proximate weight 150 to 250 g). Raising 
under laboratory conditions is very suc- 
cessful. 

8. Probably in nature leptospirosis in 
gerbils is self limiting because these an- 
imals succumb soon after infection. In 
contrast with this, /. guentheri survives 


4. Morton, H. E. 1942, Proc. Soc. Exper. Biol. & 
Med. 49: 566; Randall, R. and Cooper, H. K. 
1944, Science, 100: 133-134; Larson, C. L. 
1944, Pub. Health Rep. 59: 522. 
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infection. Infected voles remain active 
and become chronic leptospira shedders 
with the urine for protracted periods. In 
consequence of their lower susceptibility 
voles therefore play a greater part in the 
epidemiologic spread of infection than 
do the gerbils. 

9. Several authors are of the opinion 
that low pathogenicity of leptospires for 
certain animal species (e.g., Lept. ictero- 
haemorrhagiae for rats) is the result of 
adaptation of the microbe to the host or- 
ganism. The well adapted organisms 
multiply in the tissues without causing 
obvious damage.’ Our experience does 
not concur with this view. ‘‘Normal 
hosts’’ seem to be those animal species 
which, due to their low natural sus- 
ceptibility, remain apparently healthy 
and are excretors of leptospiras. 

If asymptomatic infections were due 
to adaptation to the parasites it can 
hardly be understood why M. guenthert, 
for example, showed marked resistance 
to various leptospira serotypes which 
have not been encountered locally, 
whereas all of the serotypes were highly 
virulent for the gerbils of the same area. 


5. Broom, J. C. 1953, Newcastle M. J. 24: 139- 
146. 

6. van der Hoeden, J. 1953, Tr. Roy. Soc. Trop. 
Med. & Hyg. 47: 364-371. 





THE MOUSE ERYTHROCYTE HEMAGGLUTININ OF 
FELINE PNEUMONITIS VIRUS 


FRANK M. GOGOLAK* 


From the Department of Microbiologyt, The University of Chicago, 
Chicago 37, Illinois 


Haig and Hilleman (1950) have dem- 
onstrated a mouse erythrocyte hemag- 
glutinin in the allantoic fluid of em- 
bryonated eggs infected with the me- 
ningopneumonitis strain of ornithosis 
virus. This report describes the produc- 
tion of a similar hemagglutinin by an- 
other member of the psittacosis-lym- 
phogranuloma group, the feline pneu- 
monitis virus of Baker (1942). The 
hemagglutinin produced by the growth 
of feline pneumonitis virus in the al- 
lantoic cavity of embryonated eggs was 
completely separated from the infective 
virus particles and could be concen- 
trated by differential centrifugation or 
by adsorption on the flocculent precipi- 
tate produced by freezing and thawing 
infected allantoic fluid. Simultaneous 
titration of hemagglutinin and infectiv- 
ity at different times during growth of 
feline pneumonitis virus in the allantoic 
cavity indicated that production of the 
hemagglutinin is dependent upon, but 
not strictly proportional to, the multi- 
plication of the virus. 


MATERIALS AND METHODS 


The strain of feline pneumonitis virus used in 
these experiments has been described by Moulder 
and Weiss (1951). For the production of the 
mouse erythrocyte hemagglutinin, infected yolk 
sac emulsions were diluted in veal infusion broth 
and inoculated in 0.25 ml amounts into the 
allantoic cavity of 8-day embryonated eggs. The 
highest titers of hemagglutinin were obtained 
when the virus inoculum contained approxi- 

Received for publication December 14, 1953. 

* Present address: Chemical Corps Biological 
Laboratories, Camp Detrick, Frederick, Mary- 
land. 

+t Formerly the Department of Bacteriology 
and Parasitology. 


mately 10° to 107 LDgo’s. The incubation period 
was 4 days at 37 C. The eggs were refrigerated 
overnight at 4 C before harvesting and the col- 
lected fluids maintained at 4 C for all subsequent 
operations. 

Hemagglutinin titer was determined by the 
method of Hilleman (1951). MclIlvaine’s buffer 
(Lange, 1939), as used in this procedure, was kept 
at pH 7.0. The mouse blood was collected in a 
small flask containing Alsever’s solution (Kabat 
and Mayer, 1948). The cells were washed by 
centrifugation at 2000 r.p.m. for 10 minutes in 
0.9 NaCl. After three washings, a 1% cell sus- 
pension was prepared in Mcllvaine’s buffer 
diluted 1:4 with 0.9% NaCl. All hemagglutinin 
titrations were performed at room temperature. 

The virus concentration of the infected allan- 
toic fluids was obtained by inoculating 6-day 
embryonated eggs via the yolk sac with suitable 
dilutions of the fluids. Virus titer was then de- 
termined either as LDgo’s per ml (Moulder and 
Weiss, 1951) or by the average day of death of 
the infected chick embryos. 

The range of centrifugal fields required for the 
separation and concentration of the hemag- 
glutinin were provided by the use of three 
centrifuges. Low speed work was done with a 
size 1 International Centrifuge with a horizontal 
head. Deposition of the virus from allantoic fluid 
was accomplished with a Servel SS-1 angle centri- 
fuge. Ultracentrifugal fields were provided by a 
Spinco preparatory ultracentrifuge. All three 
centrifuges were maintained at a temperature of 


0to4C. 
RESULTS 


Properties of the mouse erythrocyte 
hemagglutinin.—Inoculation of 8-day 
embryonated eggs via the allantoic cav- 
ity with 10® to 107 LDgo’s of feline pneu- 
monitis virus produced a mouse eryth- 
rocyte hemagglutinin in the allantoic 
fluid. After an incubation period of 4 
days, the individual allantoic fluids 
showed a range of hemagglutinin titers 
from 0 to 1:32. Only a small proportion 
of the fluids in any group of eggs at- 
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tained a titer of 1:32, and only occa- 
sionally a titer of 1:64 was reached. 
Maximum hemagglutinin activity is 
maintained for only a short time. Stor- 
age for 48 hours at 4 C resulted in a 50% 
drop in titer. 

In its reaction to physical and chem- 
ical agents, the hemagglutinin behaved 
very much like the hemagglutinin of 
meningopneumonitis virus (table 1). (In 
these experiments, the relatively high 
hemagglutinin titer of 1:128 was ob- 
tained by a method of concentration to 
be described below.) In the presence of 
formalin and phenol the hemagglutinin 
activity was destroyed completely. Ex- 
posure to a temperature of 56 C resulted 
in an 8-fold drop in titer after 30 min- 
utes. All of the titrations were made in 
pH 7.0 buffer, since it was found that 
wide deviations on both sides of the 
neutrality point resulted in little or no 
hemagglutination of the mouse red 
blood cells. These effects are strikingly 
similar to those described for the men- 
ingopneumonitis virus hemagglutinin 
(Hilleman et al, 1951). 

The purpose of the virucidal ultra- 
violet radiation was to determine 
whether the presence of the viable virus 
was a necessary fact or in hemagglutina- 
tion. Infected allantoic fluid was ex- 
posed to ultraviolet light under the con- 
ditions employed by Brown (1950) for 
complete destruction of virus infectiv- 
ity. The maintenance of the same titer 
before and after exposure to the ultra- 
violet would indicate that it is not neces- 


TABLE 1.—The effect of physical and chemical 
agents on the hemagglutinin of feline 
pneumonitis virus. 








Hemagglutinin 


titer 
Control 1:128 
1% phenol at 25 C for 30 minutes 0 
1% formalin at 25 C for 30 minutes 0 
Waterbath at 56 C for 30 minutes 1:16 
Ultraviolet radiation* 1:128 


Treatment 








* Fluid exposed in a 1 mm layer to a GE Germicidal lamp 
for 3 minutes at a distance of 6 inches. 
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sary for hemagglutination. Further evi- 
dence for the independence of the 
hemagglutination reaction on the pres- 
ence of the virus particle is furnished 
by the complete separability of the 
hemagglutinin and the virus. 

Separation of hemagglutinin from the 
virus particle—Centrifugation of in- 
fected allantoic fluid at speeds sufficient 
to sediment the virus resulted in no loss 
of hemagglutinating activity in the 
supernatant. The proportion of the total 
virus content of the allantoic fluid sedi- 
mented by centrifugation was deter- 
mined by comparing the infectivity of 
the supernate with that of the starting 
material. Allantoic fluid with a hemag- 
glutinin titer of 1:32 was selected as the 
starting substance. Total virus content 
per ml of fluid was measured by titra- 
tion in chick embryos. The material was 
then centrifuged at 5000 Xg for 1 hour. 
The supernatant was collected, titrated 
for hemagglutinating activity and LD5o 
content, and recentrifuged at 10,000 Xg 
for 1 hour. Titration of hemagglutinin 
and infectivity was repeated on this 
final supernatant. The above procedure 
was done with two different pools. The 
results of this experiment (table 2) indi- 
cate that the virus and hemagglutinin 
are completely separable. Removal of 
99.9% of the virus had no effect on the 
hemagglutinin titer which remained 
unchanged. Titration of the sedimented 


TABLE 2.—The effect of removal of feline 
pneumonitis virus from infected 
allantoic fluid on the original 
hemagglutinin titer. 








Per- 
centage 
of total 

virus 


Hemag- 
glutinin 
titer 


Log 
LDse 
per 
ml 


Allantoic fluid 





Pool 1 
Starting material 7.71 732 
Supernate 1 (5000 Xg 1 hour) 4.60 232 
Supernate 2 (10,000 Xgihour) 4.09 


Pool 2 

Starting material 7.08 :32 
Supernate 1 (5000 Xg 1 hour) : a 
Supernate 2 (10,000 Xg 1 hour) .93 :32 


100 .00 
0.078 
232 0.024 





100.00 
0.24 
0.070 
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TABLE 3.—Sedimentation of feline pneumonitis 
virus hemagglutinin from allantoic fluid 
stored at —70 C and 4 C. 


Hemagglutinin per 
ml of fluid 


Stored 


Centrifugal treatment 


Stored 
at at 
-—70C 4c 


Original allantoic fluid pool, 10 ml 
total ; 1:16 
I. Contrifugation 5000 Xg 60 min, 
4C 


1:16 


Supernate 1:16 
Sediment 0 


‘ Centrifugation 100,000 Xg 75 

Qunemunte (upper 9 ml) 0 

Sediment (bottom 1 ml) 1:64 
virus for hemagglutinin activity indi- 
cated that the hemagglutinating factor 
was not sedimented by the centrifugal 
fields employed. 

Concentration of hemagglutinin.—Be- 
cause of the low titers of hemagglutinin 
in allantoic fluid, means of concentrat- 
ing the activity were investigated. In- 
creased hemagglutinin titers per unit 
volume of fluid were obtained by the 
following two procedures (table 3): 

1. Ten ml of infected allantoic fluid, 
which had been stored at 4 C for 24 
hours, were first centrifuged at 5000 Xg 
for 1 hour. The original hemagglutinin 
titer (1:16) was retained in the super- 
natant. The sediment, resuspended in 
1 ml buffer pH 6.9, showed no hemag- 
glutinating activity. The supernatant 
was centrifuged at an average 100,000 
X¢g for 75 minutes with no discernible 
pellet formation. The lower 1 ml titered 
1:64, representing a 4-fold increase in 
hemagglutinin concentration per unit 
volume of allantoic fluid. This amounts 
to approximately 40% recovery as, the- 
oretically, complete sedimentation of 
the hemagglutinin would have shown a 
10-fold increase per unit volume over 
the titer of the starting material. How- 
ever, on the basis of the serial dilutions 
used in the hemagglutinin titrations, 
the deviation between experimental and 
theoretical recovery amounts to only a 
one tube difference in titer. 


2. The second method utilizes a con- 
centration procedure which has been 
used previously with the hemagglutinin 
of influenza virus (Hare, McClelland 
and Morgan, 1942). The hemagglutinin 
of both viruses adsorbs on the flocculent 
precipitate which forms in allantoic 
fluid thawed to 4 C from the frozen 
state. The precipitate is readily sedi- 
mented in low centrifugal fields and 
carries with it the hemagglutinating ac- 
tivity of the infected fluid. In this ex- 
periment, 10 ml of infected allantoic 
fluid previously stored for 24 hours at 
—70 C, were thawed and then main- 
tained at 4 C. The resulting precipitate 
was thoroughly mixed in the allantoic 
fluid and the suspension titrated. The 
hemagglutinin titer was 1:16. Centrifu- 
gation at 5000Xg for 1 hour brought 
down the virus and the precipitate. The 
sediment was resuspended in 1 ml buf- 
fer pH 6.9, and showed hemagglutinin 
titer of 1:64 which again represented a 
40% recovery. The supernatant had no 
demonstrable activity. Recentrifuga- 
tion of the supernate at 100,000 Xg con- 
centrated the small amount of unad- 
sorbed hemagglutinin into the bottom 
ml of fluid which titrated 1:8. The up- 
per 9 ml were negative for hemaggluti- 
nin. Continued work with this method of 
concentration has shown that the floc- 
culent precipitate can be readily sedi- 
mented in a horizontal centrifuge at 
300 to 500 Xg with almost complete re- 
moval of hemagglutinin from the super- 
nate and a resultant increased titer in 
the sediment. The prime disadvantage 
to this method of concentration is that 
the hemagglutinin remains associated 
with the components of the precipitate 
and elution does not appear to take 
place readily in the buffer. With moder- 
ate dilution (1:10) the precipitate goes 
back into solution at room temperature 
at pH 7.0. For the purpose of extracting 
a determinable hemagglutinin concen- 
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tration from allantoic fluids of low titer, 
the method is simple and rapid. 

One of the factors responsible for the 
high percentage of allantoic fluids show- 
ing absence of hemagglutinating activ- 
ity is concerned with the relative con- 
centration of hemagglutinin in the in- 
fected fluid. In a group of 29 eggs, 18, or 
62%, were negative for hemagglutinin 
when the allantoic fluids were titrated. 
Processing the total volume of each of 
the negative samples by the adsorption 
method and resuspending the 
mented flocculation in 1 ml of buffer 
showed that ten of these fluids were pos- 
itive for hemagglutinin. The activity 
was present in the original fluid but in 
quantities not detectable except by con- 
centration. The production of hemag- 


sedi- 


glutinin by the feline pneumonitis virus, 
therefore, is not an all or none phenom- 
enon, but is characterized by a quan- 
titative variation in the amounts pro- 
duced. 

Relation of virus growth to hemag- 
glutinin titer.—Although the hemagglu- 
tinin and the virus particle are complete- 
ly separable, the production of this 
factor is dependent upon the growth of 
the virus in the allantoic cavity. This 
was demonstrated by determining the 
rise in hemagglutinin titer and in virus 
infectivity in allantoic fluid collected 
from infected eggs over a period of 4 
days. A sufficient number of 8-day 
embryonated eggs was inoculated with 
feline pneumonitis virus via the allan- 
toic cavity. Allantoic fluid was pooled 
from 5 eggs on the 2nd, 3rd, 4th and 
5th days after inoculation. The LD5o 
titer of each pool was determined by 
chick embryo titration. To detect low 
concentrations of hemagglutinin, par- 
ticularly in the early stages of infection, 
the total hemaggiutinin content in 5 ml 
of each allantoic pool was concentrated 
by the adsorption method described 
above. The data obtained from this ex- 
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TABLE 4.—Infectivity titer and hemagglutinin titer 

of allantoic fluid collected on the indicated days after 

allantoic cavity inoculation of 8-day embryonated 
eggs with feline pneumonitis virus. 


Volume of 
allantoic Log 
fluid LD;o/ml 
(5 eggs) 


Units of 
hemagglu- 
tinin 


Days 
after 
inoculation 


5.28 
4.85 
7.96 
7.82 


13.0 
15.0 
16.0 
26.0 
periment are shown in table 4. During 
the observed period of time, the titer of 
both virus and hemagglutinin 
A 100-fold increase in virus titer be- 
tween the 2nd and 3rd day is accom- 
panied by the production of 0.8 units of 
hemagglutinin per ml of allantoic fluid. 
Between the 3rd and 4th day virus titer 
increases 4-fold and the hemagglutinin 


rises. 


titer 8-fold. There is no apparent in- 
crease in virus between the 4th and 5th, 
day, during which time the hemagglu- 
tinin titer is again doubled. On the 
basis of this one experiment it is difficult 
to evaluate the significance of the dis- 
similar increment rates exhibited by tie 
virus and hemagglutinin. In general, 
the production of the hemagglutinin 
appears to be closely allied to the 
growth of the virus in the allantoic cav- 
ity. 

A similar situation, regarding the dis- 
proportionality of virus and hemag- 
glutinin content in allantoic fluid, arises 
when the fluids with different hemag- 
glutinin titrated for virus 
content. A group of eggs were inocu- 
lated with a 0.25 ml inoculum of feline 
pneumonitis virus containing 10® LDg5o’s. 
After 4 days incubation, the allantoic 
fluid from each egg was collected and 
individually titrated for hemagglutinin 
content. The infected allantoic fluids, 
with hemagglutinin titers ranging from 
0 to 1:32, were diluted by a constant 
factor of 1000 and inoculated into the 
yolk sacs of 6-day embryonated eggs. 
Ten eggs were used for each fluid and 


titers are 





224 FRANK M. 


TABLE 5.—The average days of death of chick em- 
bryos inoculated with allantoic fluids (10-* dilution) 
having different hemagglutinin titers. 





Number of 
allantoic 
fluid 
titrations 


Mean average 
day of death 
+ standard error 
of mean 


Hemagglutinin 


} 
} 
| 


auuuu | 
VPP we 
HEHEHE 
eccoocoo 
cab 2) 0 wo bes 
2s 





the average day of death determined. 
As is shown in table 5, the average days 
of death of the infected embryos are ap- 
proximately the same, indicating equal 
virus content in all of the infected 
fluids regardless of the amount of con- 
tained hemagglutinin. Equal virus con- 
tent might be expected because of the 
same virus inoculum and time of incu- 
bation used in the preparation of the 
infected allantoic fluid. The variation in 
hemagglutinin titer cannot be explained 
on that basis. 


DISCUSSION 


The mouse erythrocyte hemagglutinin 
of feline pneumonitis virus appears to 
be similar to the meningopneumonitis 
virus hemagglutinin on the basis of 
lability, reaction to physical and chemi- 
cal agents, maximum titers attained, 
optimum pH of hemagglutination re- 
action and the complete separability 
of the activity from the virus particle. 
In ultracentrifugal fields the feline 
pneumonitis hemagglutinin could be 
concentrated in the lower 10% of the 
virus-free allantoic fluid. A similar sedi- 
mentation of meningopneumonitis virus 
hemagglutinin was not performed by 
Hilleman et al (1950), but it was shown 
that some migration of their hemag- 
glutinin occurred in a more moderate 
(30,000 to 40,000 Xg) centrifugal field. 
Preliminary experiments with another 
member of the psittacosis-lymphogranu- 
loma group of viruses, murine pneumo- 
nitis virus, have indicated that this 
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virus also gives rise to a hemagglutinin 
of mouse erythrocytes. In all probability 
other viruses in the psittacosis-lympho- 
granuloma group can produce a similar 
hemagglutinin, provided the infective 
agent is inoculated in a massive dose 
and undergoes sustained growth in the 
allantoic cavity of the chick embryo. 
With respect to solubility and sepa- 
rability from the virus particle, the 
hemagglutinin of feline pneumonitis 
resembles the vaccinia and ectromelia 
virus hemagglutinins (Burnet and Boak, 
1946). The hemagglutinin of the pox 
viruses are also dissociated without loss 
of infectivity (Smadel, 1952). If the 
feline pneumonitis virus hemagglutinin 
represents an integral portion of the 
elementary body surface, the amount of 
this substance should vary proportion- 
ately with the virus concentration, at 
least in the freshly collected fluid. The 
increment rate experiment and the study 
of virus concentration versus hemag- 
glutinin titer do not give evidence that 
any such relationship exists. A similar 
absence of proportionality has been 
reported between vaccinia virus titer 
and the amount of hemagglutinin pro- 
duced (Hirst, 1952). However, there 
are a number of factors which may ac- 
count for the lack of correlation between 
virus concentration and hemagglutinin 
titer. The first is the comparatively low 
titer of hemagglutinin obtained in the 
allantoic fluid. The entire range of ob- 
served hemagglutinin titer from 0 to 
1:32 could encompass a variation in 
virus content so small as to be practical- 
ly indistinguishable by the methods of 
virus titration employed. If, in addition, 
the LDs5o and hemagglutinin titrations 
each vary by a factor of 2, the probabil- 
ity of obtaining such disproportional 
results is within the limits of error of 
the methods used, even though there is 
actually strict correlation between the 
two entities. A second factor is the pres- 
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ence of a hemagglutinin inhibitor in 
infected allantoic fluid which can be 
demonstrated to exist in variable 
amounts in the fluid samples and whose 
presence accelerates the sedimentation 
of mouse erythrocytes in suspension. 
Sufficient experimental work has not 
been done as yet to evaluate precisely 
the effect of such an inhibitor on the 
absolute hemagglutinin content in al- 
lantoic fluid. However, its presence 
could markedly lower the observed 
hemagglutinin titer from the true value. 
The third and final point to be con- 
sidered concerns the relative lability 
of both virus and hemagglutinin. As 
with other viruses, such as the influenza 
virus, the feline pneumonitis virus 
hemagglutinin activity does not depend 
upon the viability of the infective agent. 
In the growth experiment, only the 
concentration of the living virus was 
determined. The lack of strict propor- 
tionality in the rate of production of 
virus and hemagglutinin may be the 
result of an accumulation of hemagglu- 
tinin from the nonviable virus particles. 
There are unknown variables such as 
the relative rates of both hemagglutinin 
and virus decay during growth that com- 
plicate the problem of deriving the ab- 
solute quantities of both substances 
produced. Because of these various 
possibilities which could account for 
the anomalous virus-hemagglutinin re- 
lationship found, the feline pneumonitis 
virus hemagglutinin may still repre- 
sent an integral, yet dissociable portion 
of the elementary body. 


SUMMARY 


Growth of feline pneumonitis virus 
in the allantoic cavity of embryonated 
eggs produces a mouse erythrocyte 
hemagglutinin similar to the meningo- 
pneumonitis virus hemagglutinin de- 
scribed by Haig and Hilleman (1950). 
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Virtually complete separation of the 
hemagglutinin from the virus particle 
was achieved by sedimentation of the 
infective agent. On the basis of chick 
embryo titrations, over 99.9% of the 
virus was removed from the infected 
allantoic fluid with retention of the 
original hemagglutinin titer in the super- 
natant. 

The hemagglutinin of feline pneumo- 
nitis virus could be concentrated by 
ultracentrifugation or by an alternative 
method involving adsorption of the 
activity on allantoic fluid precipitate. 

The rise in titer of both virus and 
hemagglutinin in the allantoic fluid of 
infected embryos was studied. Produc- 
tion of hemagglutinin was dependent 
upon the growth of the virus in the al- 
lantoic cavity, though the increment 
rates were not strictly proportional. 
Infected allantoic fluids with different 
hemagglutinin titers were found to have 
approximately the same virus concen- 
tration. 
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HEPATIC FUNCTION AND OTHER PHYSIOLOGIC STUDIES IN 
MONKEYS WITH EXPERIMENTAL PNEUMONIC PLAGUE 
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Specific antibiotic therapy is highly 
effective in patients with pneumonic 
plague if given within a few hours of 
onset of disease; however, when insti- 
tuted after 20 hours of disease it fails 
to prevent death, even though bacterial 
infection is brought under control.! This 
suggests that profound physiologic dis- 
turbances may take place as infection 
proceeds and that these are not prompt- 
ly alleviated when bacterial multiplica- 
tion ceases. Experimentally a substance 
can be extracted from plague bacilli 
which is lethal to rats, mice and mon- 
keys, causing increased vascular per- 
meability, shock and hepatic necrosis 
in rats and mice.?* Similar pathologic 
changes, notably vascular engorgement 
and parenchymatous liver changes, 


have been observed at autopsy in pneu- 
monic plague in man.‘ Since clinical ob- 
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Laboratory of 


servations of pneumonic plague in man 
and animals have been limited to signs 
and symptoms, the present studies on 
monkeys experimentally infected with 
Pasteurella pestis were undertaken as 
exploratory attempts to learn some of 
the more obvious physiologic abnormali- 
ties that may occur during the course 
of this infection. 


MATERIALS AND METHODS 


Either pneumonic or bubonic plague was in- 
duced in Macaca rhesus monkeys weighing 2 to 5 
kg with the virulent Indian strain 195/P of Past. 
pestis. Pneumonic plague was established by 
lightly anesthetizing monkeys with nembutal and 
delivering 100 to 100,000 organisms in 1 ml of 
diluent, consisting of 10% monkey serum in 
physiologic saline solution, through a_ poly- 
ethylene tube placed in the trachea (for addi- 
tional details, see Ehrenkranz and Meyer'); bu- 
bonic plague was produced by intracutaneous 
inoculation of 1,800,000,000 Past. pestis. 

Rectal temperatures of all experimental ani- 
mals were taken twice daily. Samples of blood 
were obtained daily for culture when the tem- 
perature was 40 C or more. The following cul- 
tures were made: 0.1 ml of blood was spread over 
each of 1 to 3 blood-agar plates for determining 
the extent of bacteremia, and in addition 0.5 ml 
was inoculated into beef-heart infusion broth. 
Liver biopsy for bacterial culture and liver func- 
tion tests were performed on monkeys with 
bubonic plague, and in addition to these studies 
in monkeys with pneumonic plague, total eosino- 
phil counts, hematocrit and blood prespure re- 
cordings were made. 


R. 1934, Pathological findings in plague pneu- 
monia, second Manchurian epidemic 1920-21. 
In Manchurian Plague Prevention Service 
Memorial Volume, 1912-1932. Shanghai, Na- 
tional Quarantine Service, p. 116. 

. Ehrenkranz, N. J. and Meyer, K. F. Studies 
on immunization against plague. VIII. Study 
of three immunizing preparations in protecting 
primates against pneumonic plague. In press. 
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PHYSIOLOGIC STUDIES IN PNEUMONIC PLAGUE 


TABLE 1.—Liver function tests in normal 
rhesus monkeys. 


Thymol 
turbidity, 
units 


Number Bromsulfalein Number 
ot retention, ot 
monkeys percent monkeys 


9 0 5 2.1+0. 

1 1.0 qd 3.4+0.3 

1 2.5 

Total 11 Average—less 
than 0.5% 

Range—0 to 
2.5% 


Total9 Average— 


2.7 units 
Range—1.5 to 

3.7 units 

The liver function tests, bromsulfalein dye ex- 
cretion and thymol turbidity, were done by 
standard methods, using a photoelectric colorim- 
eter. Blood was drawn 45 minutes after intra- 
venous injection of 5 mg of bromsulfalein per kg, 
and the dye retained in the serum was measured. 
All serums were heated to 55 C for 30 minutes 
to destroy any viable organisms before chemical 
determinations were made. Control studies with 
unheated serums had shown that this did not 
interfere with the procedure in any way. Results 
of bromsulfalein dye excretion in 11 uninfected 
monkeys were similar to those reported by Evans 
and his colleagues® for normal Macaca rhesus and 
Cynomologus monkeys: dye retention was less 
than 3% in all instances and 0 in most (see table 
1). Thymol turbidity in these animals ranged be- 
tween 1.5 and 3.7 units. In Evans’ animals it was 
lower—2 units or less. Bromsulfalein retention 
of more than 4% and thymol turbidity of more 
than 5.0 units were regarded as abnormal in the 
present studies. 

Specimens of liver were obtained for biopsy 
using a Vim-Silverman needle. To estimate the 
number of viable bacteria, approximately 2 mg 
of liver tissue was mechanically abraded with a 
wire loop over the surface of a blood-agar plate, 
the residual tissue was transferred to a second 
and then a third blood-agar plate and the abra- 
sion repeated. 

Eosinophilic leukocytes of peripheral blood 
were stained with eosin in propylene glycol and 
counted in a Speirs-Levy chamber. Blood pres- 
sure was measured indirectly by placing a mano- 
metric cuff on the foreleg and auscultating or 
palpating the brachial artery. Hematocrit de- 
terminations were performed with a Wintrobe 
tube. 

Roentgen examinations of the thorax were 


. Evans, A. S., Evans, B. K. and Sturtz, V. 
1953, Standards for hepatic and hematologic 
tests in monkeys: observations during experi- 
ments with hepatitis and infectious mononu- 
cleosis. Proc. Soc. Exper. Biol. & Med. 82: 
437-440. 
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carried out in monkeys with suspected pneumonic 
plague. 

Postmortem examination was made in all in- 
stances. Monkeys inoculated intratracheally in 
all instances had consolidation of one or more 
lobes of the lung from which Past. pestis was in- 
variably cultured. In monkeys inoculated intra- 
cutaneously, cultures for Past. pestis of material 
from the ulcer at the site of inoculation were also 
positive. 


RESULTS 


Hepatic function in pneumonic and 
bubonic plague.—Pneumonic plague was 
associated with early derangement of 
both thymol turbidity and bromsulfalein 
dye excretion (table 2). Thymol turbid- 
ity exceeded 5.0 units in 5 of 8 monkeys 
with pneumonic plague; values were ab- 
normal in 4 on the 2nd day of fever 
(sustained rectal temperature of 40 C or 
more) and in the other on the 3rd day. 
Daily observation of 4 animals revealed 
a progressive rise of thymol turbidity 
units, reaching maxima of 5.5 to 10.3. 
Bromsulfalein retention was 6 to 26% 
in 7 of 8 monkeys on the 1st or 2nd day 
of fever. In 2 monkeys (no. 538 and 541), 
the bromsulfalein dye concentration 
reached maximal values early in the 
disease and diminished when the animal 
was moribund. This apparent improve- 
ment in hepatic function was not real, 
since thymol turbidity tests made simul- 
taneously continued to yield values 
well above normal levels. The low value 
in the bromsulfalein tests under these 
conditions was probably attributable 
to the presence of large numbers of 
Past. pestis in the sample of blood.* 

Hepatic function was much less de- 
ranged in bubonic plague than in pneu- 
monic plague. Bromsulfalein excretion 
in 6 monkeys with bubonic plague and 


* Controlled in vitro tests of serum samples to 
which Past. pestis and bromsulfalein dye were 
added and the mixture was incubated at 37 C for 
13 to 2} hours showed that the presence of large 
numbers of bacteria materially reduced the meas- 
urable amount of dye. 
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TABLE 2.—Hepatic function in pneumonic and bubonic plague. 





—_ Thymol Bromsulfalein 
Monkey Day of fever Clinical state turbidity, retention, 
no. (40 C or more) outs percent 


Pneumonic plague 
Uninfected 
Fever 
Fever, pneumonia, bacteremia 
(>5000 Past. pestis/ml) 
Fever 
Fever 
Fever, pneumonia, bacteremia 
(>5S000 Past. pestis /m)) 
Fever 
Fever, bacteremia 
Fever, pneumonia, bacteremia 
Uninfected 
Fever 
Fever, pneumonia, bacteremia 
Uninfected 
Fever, bacteremia 
Fever 
Fever 
Fever 
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Fever 

Fever, ulcer, lymphadenopathy 
Fever* 

Fever* 
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N.D. =test not done. _ F 
* These two animals ultimately survived infection although Past. pestis was cultured from cutaneous ulcers; all other 


monkeys with bubonic plague died within 4 to 8 days of onset of fever and all those with pneumonic plague died within 3 
days of onset of fever. 


fever of 2 to 5 days duration was normal only 1 (no. 515) of 5 animals with 
in all but 2 instances. In one animal bubonic plague. 

(no. 515) excretion of dye was normal Bacteriologic studies of liver in pneu- 
on the 2nd day of fever, and retention monic and bubonic plague.—Cultures of 
reached 4.5 mg on the 5th day. In the _ liver biopsy specimens taken from prim- 
other (no. 507) 11% of the dye was re- ates with pneumonic or bubonic plague 
tained on the 4th day of fever. Thymol yielded Past. pestis in the majority of 
turbidity values exceeded 5.0 units in the former, but in only one of the latter 


TABLE 3,.—Results of culture of liver specimens from monkeys with pneumonic or bubonic plague. 





Monkey Day of Day after Liver Blood 
no. disease inoculation Past. pestis /2 mg Past. pestis /0.1 ml 








Pneumonic plague 
3 22 


Qa -Unetwe wwe 


$12 


— plague 
516 24 


$00 ° 6 
507 3. 6 
$13* 5 
514* 5 





+ =culture positive for Past. pestis; quantitative estimates were not made. 
* These 2 animals ultimately survived infection although Past. pestis was cultured from cutaneous ulcers. 
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(table 3). In 8 of 11 monkeys with pneu- 
monic plague there were viable bacteria 
in the liver; there were 2 to 1200 organ- 
isms per 2 mg of liver by the 2nd day 
of fever in 7 animals. Past. pestis was 
invariably cultured from the livers of 
monkeys with pneumonic plague and 
bacteremia. Moreover, on two occasions 
organisms were found in the liver when 
blood cultures were negative. In 2 
animals (no. 527 and 543) the number 
of bacilli in 2 mg of liver exceeded that 
in 0.1 ml of blood. All monkeys with 
pneumonic plague in which bacteria 
were not demonstrable in the liver 
biopsy material were also free of bac- 
teremia. In only 1 of 6 monkeys with 
bubonic plague was a liver culture posi- 
tive for Past. pestis, and in this positive 
culture but a single colony grew. The 
animal from which this specimen was 
taken had bacteremia. In 2 primates 
with bubonic plague and slight bactere- 
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mia (no. 512 and 507) liver culture 
yielded no organisms. 

Microscopic examination of biopsied 
liver tissue did not reveal any specific 
changes. 

Other observations in pmeumonic 
plague.—Daily eosinophil counts in 11 
monkeys showed the persistent stress 
response of eosinopenia throughout the 
manifest disease (fig. 1). The numbers of 
circulating eosinophils fell sharply with 
the onset of fever and continued to 
diminish until death of the animal; at 
no time was there a rise towards prein- 
fection levels in any of the animals. 

Systolic blood pressure was main- 
tained in 10 monkeys at a constant level 
near 110 mm Hg until less than 24 hours 
before death (fig. 2). Four moribund 
animals examined within 6 hours of 
death had systolic blood pressure of 60 
mm Hg or more. Hemoconcentration 
was not evident during the course of the 
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Fic. 1.—Total eosinophil count in experimental pneumonic plague. 
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Fic. 2.—The systolic blood pressure in experimental pneumonic plague. 
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Fic. 3.—The hematocrit in experimental pneumonic plague. 
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Fic. 4.—Primate pneumonic plague. 


disease, even when the blood pressure 
had fallen (fig. 3). A daily record of 
clinical and laboratory observations in 
a typical case of primate pneumonic 
plague is presented in figure 4. 


DISCUSSION AND SUMMARY 


Hepatic function studies of monkeys 
with pneumonic plague revealed dimin- 
ished liver function in almost all ani- 
mals by the 2nd day of fever, and in 
some, abnormal results coincided with 
the onset of fever. By contrast, in a 
small group of monkeys with bubonic 
plague there was little evidence of al- 
teration of hepatic function through the 
first 4 days of fever. Whether bacteremia 
was present or not, the liver was regu- 
larly invaded by Pasteurella pestis in 
pneumonic plague during the ist or 
2nd day of fever. In monkeys with 
bubonic plague, cultures from liver 
biopsy specimens were virtually nega- 
tive through the first 5 days of fever. 


The data are limited, but it appears 
that in primates hepatic dysfunction and 
invasion of the liver by Past. pestis 
occur early in the course of pneumonic 
plague and before similar events take 
place in bubonic plague. Hepatic dam- 
age in pneumonic plague may contri- 
bute to the fulminating course of this 
disease. 

Hypotension, save in the terminal 
stage of infection, and hemoconcentra- 
tion were conspicuously absent through- 
out the course of pneumonic plague. 
These observations together with that 
of continuing eosinopenia imply that the 
adrenal cortex is able to maintain a hor- 
monal response during the disease. Cor- 
tisone therapy has failed to appreciably 
influence the course of pneumonic 
plague in man or monkeys.':’ 


7. McCrumb, F. R., Jr., Larson, A. and Meyer, 
K. F. 1953, The chemotherapy of experimental 
plague in the primate host. J. Infect. Dis. 92: 
273-287. 
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Reported epidemiological studies have 
directed attention to edible meat prod- 
ucts, particularly pork, as one of the 
sources for salmonella infections in man. 
Moreover, these organisms have been 
isolated from meats, including sausage, 
purchased on the open market.’ Our 
attention was focused on this problem 
by the ready isolation of salmonellae 
from pork and beef livers purchased 
from local abattoirs for dog food. Ap- 
parently this contaminated meat ex- 
plained the epidemic of salmonellosis 
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then under investigation in an animal 
hospital. Shortly thereafter the Con- 
sultant Veterinarian of the City of Jack- 
sonville Health Department asked that 
meats on the open markets under his 
supervision be examined for salmonel- 
lae. This was the beginning of the stud- 
ies here reported. 


TECHNICS 


The following technical problems received at- 
tention. The number of positive specimens in- 
creased with an increase in the amount of inocu- 
lum, up to a point. An excessive amount of meat 
in the tetrathionate broth inhibited its selective 
enrichment. The desirable amount of inoculum 
and the ratio of this to enrichment was deter- 
mined by a series of preliminary comparative 
tests. In the cultures here reported a 30 g inocu- 
lum in 100 ml of tetrathionate was used. 

Initially sausage meat in smaller amounts was 
inoculated directly to the enrichment. The fatty 
inoculum collected as a top layer on the broth. 
This made it difficult to obtain a desirable loop 
specimen for transfer. Moreover, it seemed ap- 
parent that the poor dispersion would markedly 
limit the effectiveness of the enrichment. Various 
materials and methods were tried to overcome 
this; the simplest and most effective was the ad- 
dition of d-tergitol detergent. This was found to 
enhance bacterial growth within a wide range of 
dilutions. The amount to be added was deter- 
mined by titrating to the “‘sudsing point,”’ i.e., 
the minimum required to provide for the emulsi- 
fication of the fat and to give a distinct head of 
foam. The quantity varied with different inocu- 
lums, but on repeated titrations it was estab- 
lished that 6 ml of a 10% solution of d-tergitol 
added to a 30 g pork sausage inoculum in 100 ml 
of enrichment was satisfactory. 

The third troublesome problem was the heavy 
overgrowth of Pseudomonas and coliform organ- 
isms on plates of plain brilliant green agar inocu- 
lated from the enrichment. Extensive in vitro 
tests established that there was a wide difference 
in sensitivity to sulfonamides of these contami- 
nating organisms and salmonella. Sulfadiazine 
proved more effective than sulfamylon, which 
was tried also. The concentration of sodium sulfa- 
diazine, which effectively inhibited Pseudomonas 


232 





SALMONELLA IN PoRK SAUSAGE 


and markedly retarded the growth of coliform 
organisms but without detected inhibition of 
salmonella, was 16* mg per 100 ml of medium. 

This limited study of the comparative efficacy 
of varying technics was not adequate to securely 
indicate the most effective procedures, but it did 
lead to the adoption of a simple routine which 
proved satisfactory. The technical methods em- 
ployed, unless otherwise specified, were as fol- 
lows: 

The fresh or smoked pork sausage was pur- 
chased in the open market. The specimens were 
brought to the laboratory in the original one 
pound sealed cellophane package. Only one sam- 
ple from a producer was purchased per week, and 
samples of all producers were collected at inter- 
vals throughout the two-year period of study. 
The fresh pork sausage examinations were com- 
pleted first; then in a similar manner the smoked 
sausage samples were purchased and tested. 

In obtaining the sample for culture examina- 
tion, the original package was placed on a fresh 
paper towel and the outer cellophane was opened 
without touching the sausages. Sterile scissors 
were used to open the casings of link sausage and 
a 30 g sample was transferred with a sterile 
tongue depressor to fresh glassine weighing paper 
on the scale. After weighing, the sample was 
transferred to a 500 ml sterile ground glass 
stoppered bottle commonly used for the collection 
of bulk milk samples. Later the less expensive 16 
ounce screw-capped refrigerator jars were used. 
To these sausage samples 6 ml of a 10% d-tergitol 
solution and 100 ml of tetrathionate enrichment 
broth were added aseptically. With stopper or lid 
in place, the bottle was shaken vigorously until 
the sausage sample was well dispersed. Duplicate 
cultures of this type were prepared from each 
specimen. The cultures were then incubated at 
37 C for 18 to 20 hours. One loopful of each was 
streaked to a plate of brilliant green agar con- 
taining 16 mg of sodium sulfadiazine per 100 ml. 
After 20 to 24 hours suspicious colonies were 
picked to Kligler’s iron agar with 1% sucrose 
added. The identification and typing procedures 
were those previously described.5 

The significance of variations in culture tech- 
nics warrants emphasis. Duplicate tests were 
done on 217 samples using the above and some 
other procedure. All specimens found positive 


* Eight mg only were found more effective in 
studies on poultry. 

5. Galton, M. M., Scatte-day, J. E. and Hardy, 
A. V. 1952, Salmonellosis in dogs. I. Bacterio- 
logical, epidemiological and clinical considera- 
tions. J. Infec.. Dis. 91: 1-5. 
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were positive by the above technics. Specimens 
yielding few positives by the above procedures 
were entirely negative by other technics. In sam- 
ples yielding a moderate number of positives the 
percentage positive was as much as 10 times 
higher by the technic described as compared with 
earlier culture methods employed. The planting 
of cultures in duplicate materially increased the 
proportion of positive specimens, since not in- 
frequently isolations were obtained from only one 
of the duplicate cultures. 


FINDINGS 


The number and percent of fresh and 
smoked sausage found to contain salm- 
onellae are given in table 1. The sources 
of the product examined are divided in 
accordance with the probable interval 
between production and sale. The local 
abattoirs are those in or near Jackson- 
ville. In general, their freshly prepared 
products are distributed promptly 
through the retail outlets. The local 
markets purchase meat in bulk and pre- 
pare sausage for immediate sale in their 
own shops. The regional abattoirs are 
those within a radius of 250 miles of 
Jacksonville. The remaining products 
tested were those from processors with 
a broad or nation-wide distribution. 
Their retail packages gave no indication 
of time or place of production. The add- 
ed transportation time alone would ac- 
count for a longer period between pro- 
duction and sale than for products pre- 
pared close to the distributing market. 
Admittedly, some samples from national 
distributors may have been produced 
within the regional area and sold prompt- 
ly but there was no means of identifying 
such samples. 

As shown in the first table, 217 sam- 
ples of fresh pork sausage were examined 
for salmonellae and 51 (23%) were posi- 
tive. The proportion positive varied ac- 
cording to the source of the specimen 
from a high of 57.5% for the products of 
local abattoirs to the low of 7.5% for the 
samples from national distributors. The 
number of specimens tested per pro- 
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TABLE 1.—Salmonella isolations from fresh and smoked pork sausage. 


Producer 


Sz sles 
on ample 


cultured Setter 
1 10 
2 10 7 
3 10 
4 10 


Loc al 
abattoirs: 


Total 40 


Loc al . 5 
markets: 3 
11 

10 

10 

9 

48 


Regional } 
abattoirs: 10 
11 

50 

National 9 
distributors: 7 10 
10 

10 

10 

10 

9 

11 


Grand Totals 


ducer was too small for secure opinions 
as to variations between the individual 
producers. Furthermore, the number of 
examinations of sausage from producers 
without positive findings does not war- 
rant the opinion that their products as- 
suredly were free of salmonellae. 


Fresh sausage 


Positive 


Smoked sausage 


: ein 
Samples Positive 
cultured 


Percent Number Percent 


90.0 3 27 
70.0 
50.0 
20.0 54 


40.9 


Findings during the early examina- 
tions with less effective technics further 
indicated that sausage produced locally 
contained salmonellae more frequently 
than those from regional abattoirs or na- 
tional distributors. The 20 positive sam- 
ples on 92 specimens were all from local 


TABLE 2.—Types of salmonellae isolated from pork sausage. 


Fresh sausage 


Total ar 


Type isolation 


Local Local 


derby 
anatum 
bredeney 
muenchen 

new port 
cholera suis 
ty phi-murium 
meleagridis 
newtngton 
thomasville 
montevideo 
tallahassee 
kentucky 
miami 

give 

atlanta 
carrau 
california 
tennessee 


- 
- 
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Regional 
abattoirs markets abattoirs 


Smoked sausage 


National 
distrib- 
utors 


National 
distrib- 
utors 


Local 
markets 


Regional 


abattoirs abattoirs 
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Totals 
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preparations, with the percentage some- 
what higher for products of local abat- 
toirs than for those of local markets. 
There was no positive finding during 
these early examinations in 10 speci- 
ments from regional abattoirs or 18 from 
national distributors. 

There were 127 examinations of 
smoked sausage and 16 (12.5%) were 
positive for salmonellae (table 1). The 
proportions positive varied as for the 
fresh sausage. It was highest for the 
products from local abattoirs (40.9%), 
followed by those from local markets 
(14.49%) and regional abattoirs (10.3%). 
There was no positive in 49 samples of 
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smoked sausage from national distribu- 
tors. 

The types of salmonellae isolated are 
given in table 2. This tabulation includes 
all salmonellae isolated from pork sau- 
sage during these studies without regard 
to the culture technic employed. 


COMMENT 


The data on salmonellosis in hogs and 
cattle and salmonellae in abattoirs given 
in the paper immediately following con- 
tribute to the explanation of the findings 
recorded here. All comments are re- 
served, therefore, for the concluding sec- 
tion of the companion paper. 





SALMONELLA IN SWINE, CATTLE AND THE 
ENVIRONMENT OF ABATTOIRS 
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The frequent recovery of salmonellae 
in this laboratory from pork sausage 
offered for sale in retail stores led to an 
investigation of the prevalence of 
salmonellosis in animals and of salmo- 
nellae in the environment of abattoirs.' 
Four commercial producers of sausage 
whose retail products had been exam- 
ined were geographically convenient for 
investigation; one additional abattoir 
with sporadic sausage production only 
was studied also. Beginning in late 1950 
and continuing throughout a two-year 
period, repeated bacteriological surveys 
were performed in these abattoirs. 


TECHNIQUES 


All cultures were taken by cotton-tipped swabs, 
of medium size. Fecal specimens were obtained 
from the living or dead animal by rectal swab 
and in a small series of examinations, by per- 
forating the seared surface of the caecum. The 
amount of fecal material so obtained was rela- 
tively scant from the living animal with tightly 
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closed sphincter, whereas the post mortem rectal 
and caecal swabs were well coated with feces. In 
culturing the skin of the sides of the carcass, as 
was done repeatedly, the swab would be swept 
from ham to shoulder. Flat surfaces, as tables, 
were cultured by rubbing the swab back and 
forth about three times in an area averaging 
2X8 inches. Samples from utensils, instruments 
and equipment were obtained by rubbing the 
swab over available surfaces. In the holding pens 
adjacent to the abattoirs, cultures were taken by 
swabbing the surface of cement floors, by pressing 
the swab into soft soil and by dipping into the 
water in the troughs. 

The specimens thus taken were placed in 
tetrathionate enrichment without delay, except 
from plants in Jacksonville where, for conven- 
ience, the swabs were brought to the laboratory 
in tubes and planted about 1 hour (and never 
longer than 2 hours) after collection. The sub- 
sequent isolation, identification and typing tech- 
niques were those previously described? 

The plants were selected for study on the basis 
of availability. Ail were under the State Meat 
Inspection program. One plant produces quality 
products selling at a premium. The findings, 
therefore, are believed to be representative rather 
than exceptional. 

The studies necessarily were conducted step 
by step throughout several months. There were 
no variations suggesting seasonal differences in 
findings. The bacteriological observations, there- 
fore, are given in tables 1 through 4 according to 
material cultured and are considered in the order 
of progress of animals from farm to and through 
the processing plant. 


FINDINGS 


Through the cooperation of the Flori- 


da Livestock Sanitary Board,* anal 
swabs were taken on live hogs on farms 
as the animals were being restrained for 
hog cholera vaccinations. In all, 374 


* Now the Florida Livestock Board. 

2. Galton, M. M., Scatterday, J. E. and Hardy, 
A. V. 1952, Salmonellosis in dogs. I. Bacterio- 
logical, epidemiological and clinical considera- 
tion. J. Infect. Dis. 19: 1-5. 
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TABLE 1.—Salmonellae in living and dead hogs found by fecal cultures taken by rectal swabs 
and, in one group, by caecal swabs. 








Hogs or carcasses tested 


Positive 
Examination 





Percent 





On 28 farms—Living 

At abattoir —Living 

—Slaughtered, same lot 
—Tested by rectal swabs 
—Same, tested by caecal swabs 
—By caecal swab only 
—Before scalding vat 

—Same, after scalding vat 


Carcasses 





Rectal Swabs at same point in processing line 
Abattoir 1 
Abattoir 2 
Abattoir 3 
Abattoir 4 
Abattoir 5 


Total 








animals from 28 farms were cultured 
in this way and 27 (7.2%) were positive 
for salmonellae (table 1). However, 18 
of these positives were from 34 animals 
on two farms where at the time of exam- 
ination, the hogs were having acute 
diarrheal diseases. On one of these 
farms, 9 of 12 positives were Salmonella 
miami and on the other all were Salmo- 
nella muenchen. The remaining 9 positives 
were scattered among 6 farms. All ani- 
mals tested on the other 20 farms were 
culturally negative. These findings do 
not suggest any exceptional incidence 
of salmonellosis among farm hogs in 
the southeast. 

During the process of marketing, 
many of the hogs were taken to local 
sales barns. There they were purchased 
by a representative from an abattoir 
and the animals from several farms were 
transported together in large trucks to 
the meat processing plant. This mixing 


of animals in close quarters provided the 
first opportunity for the spread of sal- 
monella infection. At the abattoirs the 
animals commonly were held in large 
holding pens for a period of 12 to 48 
hours. Bacteriological findings indicated 
that here all hogs were heavily exposed 
to salmonellosis. In all, 189 specimens 
for culture were collected from these 
holding lots and 148 (78%) were posi- 
tive for salmonellae (table 2). The find- 
ings on the drinking water for the hogs 
were particularly impressive. Sixteen 
samples were taken by merely dipping 
the swab into the water and of these, 12 
(75%) yielded salmonellae. The troughs 
were such that the hogs could wallow in 
the cool water designed for drinking 
purposes. Furthermore, in pens without 
cement floors, the soil commonly proved 
positive for salmonellae. Comparable 
examinations were performed in the lots 
of 4 abbatoirs. In 3 of these, the propor- 


TABLE 2.—Salmonellae in the environment of abattoirs. 








Swab cultures from environment 





Holding lots 
Abattoirs 


Cutting and sausage rooms 





, Positive 
Cultures 


Positive 





Number 


Percent 


Cultures 





Number Percent 





41 37 90 
67 57 85 


23 il 50 
58 43 74 


243 95 
150 99 
193 85 
152 26 
111 1 





189 


148 78 


849 306 
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tion of positives varied from 74 to 90%. 
From the 4th, only 23 specimens were 
collected, and 17 of these with only 24% 
positive were obtained during a hot and 


ia) 


dry period when the soil was ‘powdery 
dry’’; in the other sampling, of 6 speci- 
mens all were positive. Thus, all hogs 
during the last hours or days of life were 
heavily exposed to salmonella infections 
and susceptible animals would reach the 
killing floor during the early or late 
phases of the incubation period of sal- 
monellosis. 

Cultures were taken in the holding 
pens on 100 live hogs and 25 (25%) were 
positive for salmonellae (table 1). It was 
impracticable to follow the same hogs to 
the killing floor for re-examination. How- 
ever, on the same days approximately 
the same number of animals from the 
same lots were examined on the killing 
floor. Here, of 98 tested, 50 (51%) were 
found positive. The higher prevalence of 
salmonellosis discovered by post mor- 
tem swabs may indicate only the greater 
reliability of cultures with a generous 
fecal inoculum as compared with the 
pre-mortem examinations with a scant 
inoculum. 

There was another test of the preva- 
lence of salmonellosis in the slaughtered 
hogs. This was performed in an abat- 
toir in which the proportion of animals 
positive by rectal swab was lower than 
average. From 89 animals, both rectal 
and caecal swabs were collected. By the 
former technique, 17 (19%) were found 
positive; by the latter, 71 (80%) yielded 
salmonellae. An additional 71 caecal 
swabs were taken from animals at two 
other abattoirs not examined by rectal 
swab, and of these, 46 (65%) were posi- 
tive for salmonellae. These data suggest 
that at the time of slaughter the animals 
actually were in an early incubation 
phase of with the in- 
fection still concentrated in the lower 


salmonellosis 
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small intestine and caecal areas. 

Post mortem rectal swabs taken at.a 
uniform location ‘in the line’’ immedi- 
ately prior to evisceration and by a uni- 
form technique were used to measure 
variations in prevalence of salmonellosis 
in hogs processed in the 5 abattoirs stud- 
ied. These data also are given in table 1. 
(The abattoir numbers correspond with 
those used in the preceding report on 
salmonellae in sausage.) In general, the 
proportion of positive findings varied 
with the size and activity of the abat- 
toir. The two small plants (4 and 5) han- 
dling few animals or killing at intervals 
only had a low proportion of positives. 
The others operating continuously with 
heavy volume had a high proportion of 
positives. In all, 1883 post mortem rec- 
tal swab cultures were taken and 966 
(51%) were positive for salmonellae. 

After leaving the killing station, the 
hogs are dropped into the scalding vat. 
Cultures of vat water were all negative 
for salmonellae. Likewise, the swab cul- 
tures of the sides of the hogs taken as 
the carcass was being lifted from the 
scalding vat were negative. 

The carcass passed next through the 
dehairing machine. Here, a series of me- 
chanical paddles scrape the skin as the 
carcass is rotated with a tossing action 
rather than by a gentle rolling move- 
ment. The carcass is subjected to vigor- 
ous treatment, and in the process, fecal 
leakage from the completely relaxed 
anus inevitably will occur. The moving 
parts of the dehairing machine are rather 
inaccessible, hence difficult to clean. 
These factors favor the dissemination of 
pollution during this stage of processing 
and this step of the procedure has been 
examined with particular care. The first 
column of table 3 records the result of 
bacteriological examinations of the de- 
hairing machine. Of 254 cultures, 104 
(41%) were positive. The proportion 
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positive was 20% in a small abattoir* 
and was 4% in a large one’ in which the 
dehairing machine was continuously ex- 
posed to jets of water at high tempera- 
ture. The percentage positive was 54 
and 68 in the other two large abattoirs. 
In one abattoir the effect of added at- 
tention to the cleaning of the dehairing 
machine was measured by daily swab 
cultures of this equipment, with findings 
as summarized in table 4. Rather casual 
cleaning as was done at first reduced the 
percentage of positive cultures from 69 
to 52. With a carefully supervised and 
exacting cleaning the positive cultures 
dropped to 10%. The proportion of posi- 
tive findings increased rapidly to 40% 
in the week immediately following the 
termination of this supervised cleaning. 
Swab cultures of the sides of hogs 
were taken immediately after removal 
from the dehairing machine, again at 
the end of the evisceration line and a 
third time after overnight or longer stor- 
age in the chill room. With rare excep- 
tions the same animals were swabbed at 
the beginning of the processing line and 
at its end after evisceration. Concurrent 
rectal swabs also were obtained from 
these carcasses. Cultures were taken in 
the chill room on the same day and were 
from the animals killed in the same 
abattoirs on the preceding day or ear- 
lier. Comparative findings on the swab 
cultures of the dehairing machine and 
the sides of the carcass tested at varying 
times are given in table 3. The data in 
table 4 are of similar nature, though 
without the examinations in the chill 
room. In considering these findings, it is 
3. Williams Smith, H. 1952, The evaluation of 
culture media for the isolation of Salmonellae 
from feces. J. Hyg. 50: 21-36. 
. Hauser, G. H., Treuting, W. L. and Breiffelh, 
L. A. 1945, An outbreak of food poisoning due 


to a new etiological agent—Salmonella berta. 
Pub. Health Rep. 60: 1138-1142. 
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to be remembered that cultures of the 
scalding vat water and of the sides of 
animals after scalding before going 
through the dehairing machine were 
culturally negative for salmonellae. 
However, immediately after the dehair- 
ing process a high percentage of the cul- 
tures were positive for salmonellae. It 
was apparent that the skins of many an- 
imals were inoculated with salmonellae 
as they passed through the dehairing 
machine. 

The proportion of animals with skin 
cultures positive for salmonellae varied 
with the degree of pollution of the de- 
hairing machine with these organisms. 
There were few positives from the de- 
hairing machine in abattoir 4 (table 3) 
or after exacting cleansing (table 4), and 
corresponding skin cultures had few pos- 
itives also. Cultures of the dehairing ma- 
chine in abattoir 3 which was exposed to 
a continuous hot water spray were rare- 
ly positive, but the sterilizing procedure 
under trial was not highly effective in 
reducing the skin contamination. In 
general, when cultures of the dehairing 
machine were highly positive, so were 
the swab cultures of the skin. 

Each carcass after dehairing passes 
through a triple cleansing process. It is 
singed with a gasoline blow torch, ex- 
posed to a jet of live steam and is 
washed down with a spray of cold wa- 
ter. Evisceration follows. Tables 3 and 4 
compare the degree of skin contamina- 
tion at the beginning and end of this 
phase of processing. In general, if there 
is heavy skin contamination after de- 
hairing, the cleansing process tends to 
reduce this. However, one group with 
little skin contamination after leaving 
the dehairing machine had more after 
evisceration. The latter suggests that 
some skin contamination may be ac- 
quired during the evisceration process. 

The limited number of skin cultures 
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TABLE 3.— Salmonella isolations from dehairing machine, and the apparently 
related skin contamination with salmonellae. 








Materials cultured 





Sides of carcass 
after dehairing 


Number 


examina- 
tion 


Dehairing machine 
Abattoir —————— 


Positive 


Per- 


cent 


Positive 


Num- 


Number 
examina- 
tion 


Per- 
cent 


Sides of carcass 
after evisceration 


Sides of carcass 
in chill room 
Positive 
Num 
ber 





Number Positive 
examina- 
tion 


Number 
examina- 
tion 


Per- 


Per- 
cent 


Num- 
ber 





172 





61 
65 
30 11 
15 


175 
60 
4 


45 
56 


31 


21 
10 


5 


47 
18 


16 





Totals 254 41 


46 


60 
409 


132 36 27 





* Dehairing machine subjected to a continuous spray of hot 


on carcasses in the chill room indicate 
some decline in positive findings with 
time. The rate or degree of change can 
be ascertained dependably only through 
identical examinations on the same car- 
casses at known intervals. 

Considering the remaining processes 
on the killing floor, after the triple clean- 
ing, the animal is eviscerated and the 
head removed. Only 23 cultures were 
taken from tables and containers in this 
area; 17 (74%) were positive for sal- 
monellae. The remaining steps in proc- 
essing were carried on in the cutting and 
the sausage rooms. In the former, those 
portions of the carcass as the hams, 
loins, etc. to be sold intact were sepa- 
rated and prepared for wrapping. Here 
also the meats to be used for the prepa- 
ration of sausage were collected. In the 
sausage room the meat was ground, 
mixed, seasoned and casings were filled. 
More than 800 swab cultures were taken 
in these two areas and in all, 36% were 
positive for salmonellae (table 2). The 


TABLE 4.—The effect of extra cleansing 


water. 


proportion of positive findings on the 
tables, receptacles, knives and mechani- 
cal equipment varied only from 25 to 
43%. From these areas, and from the 
meat itself, salmonellae were isolated 
with surprising ease. The proportion of 
positives in the sausage room was a little 
higher than that in the cutting room. 
The cultures obtained in abattoirs 
were taken under normal operating con- 
ditions. We were free to obtain any 
specimens desired provided there was no 
stoppage in the processing line. This en- 
vironment was not favorable for a care- 
ful examination of the relative impor- 
tance of endogenous and exogenous 
sources of salmonellae found in edible 
meats. An attempt was made to secure 
suitable tissue specimens free of exogen- 
ous contamination. Routinely each speci- 
men was examined for coliform organ- 
isms as well as for salmonellae. The first 
specimens collected were found to have 
heavy coliform contamination, and the 
salmonellae isolated were presumed to 


of dehairing machine on the occurrence 


of contamination with salmonellae in abattoir no. 1. 








Materials Cultured 





Condition of dehairing Dehairing machine 


machine when cultures 


Sides of carcass 
after dehairing 


Sides of carcass 
after evisceration 





Number 
examina- 
tion 


taken Per- 


cent 


Num- 
ber 


Number 
examina- 
tion 


Number 
examina- 
tion 


Num- 
ber 


um- 
Tr 





Before extra cleaning 

Some extra but still inade- 
quate cleaning 

Exacting cleansing 

After termination of super- 
vision of cleaning 


13 69 


52 
10 


25 
20 


20 40 


22 


43 
40 


25 


20 


41 
1 


22 


24 18 


25 
7 


21 


44 
40 
25 
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be the result of fecal pollution. However 
twenty carcasses were examined under 
better conditions, permitting the collec- 
tion from each of specimens of mesen- 
teric and portal lymph glands, sections 
of liver and spleen and portions of mus- 
cle tissue. The external surface of each 
specimen was clearsed by dipping in al- 
cohol and flaming before the centrally 
located tissue was separated, minced 
and cultured. With this procedure, no 
coliform contamination was _ found. 
Among 100 cultures of tissues, only one, 
a mesenteric lymph gland, was positive 
for salmonella. That specimen came 
from a hog whose fecal culture was posi- 
tive for Salmonella derby; the lymph 
gland yielded the same type of salmonel- 
la. 

Findings believed significant were ob- 
tained from an earlier and separate se- 
ries of 125 tissue specimens obtained 
from 25 animals before the coliform con- 
tamination was successfully eliminated. 
In this series taken on one day in a small 
abattoir, 23 (18%) of the 125 tissue cul- 
tures yielded Salmonella cholerae suis. 
The positive specimens came from 10 
hogs and in two of these each of the 5 
specimens collected were positive. Or- 
ganisms were found in 7 of the 25 liver 
specimens, in 6 spleens, 4 muscle speci- 
mens and three times each from mesen- 
teric and portal lymph glands. The find- 
ings were similar to post mortem tissue 
cultures collected on two hogs which 
died with symptoms of hog cholera, 
where 9 of 10 tissue specimens yielded S. 
cholerae suis. Seemingly well hogs from 
sick herds may be encountered occasion- 
ally as a group in small abattoirs and 
here systemic invasion with salmonellae 
may be an important factor. 


Related studies of cattle 


Cattle on dairy farrms were accessible 
and easy to handle. Fecal cultures were 
obtained by rectal swabs from 1196 ani- 
mals from 7 dairies. The 596 cultures 
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taken from 5 herds were all negative. 
There were 2 positives (Salmonella give 
and Salmonella bareilly) in one herd of 
50 cows. In a large divided herd of 550 
animals including cows, heifers and 
calves, 14 were positive for salmonellae 
(2 S. give, 2 Salmonella anatum, and 10 
Salmonella kentucky). Here in one group 
of 26 calves, 8 (31%) were positive. The 
other 4 isolations were from 1 calf, 2 
heifers and 1 cow. The latter remained 
persistently positive for S. give during 
the 5 months she was followed bacterio- 
logically. 

In abattoirs, all of which slaughtered 
cattle as well as hogs, an additional 147 
fecal cultures were obtained from cattle 
immediately after slaughter and 17 
(12%) were positive for salmonellae. 

There was no opportunity to study 
the bacteriological environment of abat- 
toirs handling cattle only. 


Distribution of Salmonella types 


The 2566 salmonella cultures isolated 
during these studies represent 38 sero- 
logical types, including one new type 
and two not previously encountered in 
Florida. The frequency of occurrence of 
these types in the intestinal tract of 
swine and the environment of the abat- 
toirs is shown in table 5. S. anatum and 
S. derby were the most common types 
from all sources in each of the 5 plants 
studied. The variation in the prevalence 
of some types may be explained in part 
by a wide dissemination limited in time. 
For example, 51 of the 61 Salmonella san 
diego cultures were isolated from anal 
swabs or from the sides of the same hogs 
in a single survey in one abattoir, and 
the 16 cultures of Salmonella worthing- 
ton were obtained only once during an- 
other survey in this plant. Similarly, the 
majority of the Salmonella montevideo 
and california cultures were isolated 
from 2 plants during single surveys. 
Salmonella meleagridis was found simul- 
taneously in the holding lots, in the hogs 
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TABLE 5.—Distribution of salmonella types in swine and the environment of abattoirs. 


Fecal* 


Type cultures 


tion on 





Contamina- 


carcasses t 








Contamina- 
tion in 
abattoirs 


Holding 


Dehairing 
lots 


machine 





. S. paratyphi B 1 

2. S. saint paul 15 

3. S. san diego 25 35 
. S. derby 539 138 
. S. california 20 
. S. typhimurium 38 
. S. bredeney 





8. S. cholerae suis 
9. S. montevideo 
. S. oranienburg 
. S. bareilly 
. S. hartford 
. S. tennessee 
. S. muenchen 
. S. manhaitan 
. S. newport 
. S. litchfield 
. S. kentucky 





. S. miami 

. S. berta 

. S. pensaccla 

. S. javiana 
23. S. anatum 

. S. meleagridis 

. S. give 
26. S. lexington 


7. S. newington 
. S. thomasville 


E; 29. S. senftenberg 
F 30. S. luciana 
31. S. rubislaw 
G 32. S. mississippi 
33. S. worthington 
H 34. S. florida 
35. S. madelia 


FG 36. S. minnesota 
37. S. alachua 
38. S. duval 
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Total isolations 


Total specimens positive 
Total specimens examined 





* Anal swabs from living and slavghtered hogs. 
t Swabs from sides of carcasses. 


before cleaning, on the dehairing ma- 
chine, and on the hog carcasses in the 
chill room. Approximately 1 week later, 
it was isolated from a pound package of 
sausage produced at this plant and pur- 
chased in a local retail outlet. 

Multiple salmonella types were en- 
countered frequently, as evidenced by 
the 2566 isolations from 2184 positive 
specimens. There were 330 specimens in 
which 2 types were identified, 23 with 3, 
and 2 with 4 types. The isolation of mul- 
tiple types from the same specimen was 
favored by the performance of duplicate 
cultures in studying the comparative ef- 


ficacy of different mediums. Thus, fre- 
quently, from 4 to 8 colonies per sample 
were studied. 

Of the 12 most common types found 
in swine and the environment of abat- 
toirs, 9 of these are among the 12 most 
commonly found in man in Florida, 
namely, Salmonella anatum, derby, bred- 
eney, newport, typhimurium, miami, 
montevideo, muenchen and oranienburg. 
Of the 38 types encountered 34 have 
been isolated from man in Florida. 
Three of the four others had single iso- 
lations from swine. There were only 11 
isolations of S. cholerae suis. Williams 
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Smith* has observed that this organism 
was recovered from tetrathionate en- 
richment broth only after a heavy inoc- 
ulum of organisms, whereas it was cul- 
tured readily by streaking directly to 
brilliant green agar. Our culture tech- 
niques, though highly sensitive for most 
salmonellae, apparently were relatively 
ineffective for the isolation of S. cholerae 
suis. 


COMMENT 


The proportion of hogs in abattoirs 
found positive for salmonellae by rectal 
swab cultures was unexpectedly high. 
The possibility of some of the skin con- 
tamination from the dehairing machine 
draining into the relaxed anus when the 
animal was hung head down was con- 
sidered. Comparative caecal swabs there- 
fore were collected through a seared 
sterile surface. These yielded a marked- 
ly higher proportion of positives than 
the rectal swabs from the same animals. 


Furthermore, a series of 50 post mortem 
rectal swabs were taken on the killing 


platform for comparison with tests 
taken routinely ‘‘on the line.”” The 
former yielded more positives than the 
latter. This suggested that the findings 
may include “false negatives’ rather 
than “false positives.’”’ To limit any 
hazard of extraneous contamination 
gaining entrance to cultures, single 
swabs were sterilized in five inch tubes. 
The swab was removed on taking the 
culture and immediately reinserted into 
the cotton plugged tube. The enrich- 
ment was inoculated in office quarters 
presumably free of salmonella contami- 
nation. Our findings so obtained and 
confirmed by the above comparative 
tests have forced us to conclude that a 
high proportion of hogs reaching the 
killing floor in the abattoirs examined 
harbor salmonellae in the enteric tract. 
It is of minor importance practically 
whether the true proportion of hogs in- 
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fected with salmonellae at the time of 
slaughter is 25, 50 or virtually 100%. 
The evidence calling for attention is 
that there are numerous sources for the 
spread of salmonellae to edible meat 
products. 

Evidence indicates that there is a 
wide difference in the proportion of in- 
fected hogs on the farm and in the abat- 
toir. The numerous and congested con- 
tacts with possibly infected hogs or with 
salmonellae in the environment in sales 
barns, during transportation and in 
holding lots all favor the spread of sal- 
monellosis. The bacteriological environ- 
ment of the holding lots in which the 
hogs are kept immediately prior to 
slaughter would account for a high prev- 
alence of infection in slaughtered hogs. 
Apparently many may be killed during 
the incubation stage of subclinical or 
clinical salmonellosis. Each infected ani- 
mal is a possible source for the spread of 
salmonellae in the abattoir. Thus the 
major cause of the problem of salmonel- 
lae in meat products is the spread of 
salmonellosis during the hours and days 
immediately prior to slaughter. 

Within the abattoirs observed, the de- 
hairing machines served to inoculate the 
skin of the carcasses with salmonellae. 
The evidence of skin contamination 
with these organisms was reduced only 
moderately by the subsequent cleaning 
process and by storage in the chill room. 
Thus, operations in evisceration and cut- 
ting of the carcasses would be performed 
through a contaminated field. 

In the present stage of knowledge one 
can only speculate as to the multiplica- 
tion of salmonellae in the environment 
of the abattoir. Blood, serum, and tissue 
fluids suitable for the cultivation of sal- 
monellae were readily available. Cul- 
tures of equipment (as the dehairing 
machine) prior to the beginning of the 
day’s work yielded as many positives as 
during operation. Certainly there ap- 
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peared to be many foci in the abattoirs 
where salmonellae could multiply. 

Blood stream dissemination of sal- 
monellae to the tissues apparently occurs 
occasionally. However, it was clearly ev- 
ident that there was a ready distribution 
of fecal pollution within the abattoirs, 
and the findings suggested that the sal- 
monellae in edible meat is the result pri- 
marily of the spread of pollution during 
processing. 

There was a marked variation in the 
occurrence of salmonellae in sausage 
produced in local abattoirs and markets, 
as compared with products from region- 
al abattoirs and producers with nation- 
wide distribution. The explanation of 
this is not evident. It may be the differ- 
ence between very fresh products and 
those stored for varying lengths of time. 
However, there may be true regional 
variations related to differences in the 
incidence of infection in hogs, variations 
in the nature or control of the processing 
procedures employed, or to climatic fac- 
tors affecting the viability or multiplica- 
tion of salmonellae in the environment 
of abattoirs. There may be other unsus- 
pected factors. Certainly comparative 
studies in representative areas and abat- 
toirs are indicated. This will require the 
unreserved and friendly cooperation of 
the industry similar to that so gener- 
ously given by the local plants studied. 

There is in Florida a close similarity 
in types of salmonellae found in man 
and swine. Of the 12 most common types 
found in man, 9 were among the 12 most 
common types in swine. This similarity 
suggests either common sources or dis- 
semination from the animal to human 
host (or, less likely, spread in the oppo- 
site direction). Studies by others have 
pointed the finger of suspicion to pork. 
Hauser and associates‘ recovered Salm- 
onella berta from pork sausage and from 
6 ill persons examined bacteriologically. 
Similarly, Jones and Symons’ isolated 
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Salmonella dublin from human cases and 
from remaining portions of suspected 
sausage. Petzel® studied an outbreak in- 
volving 153 persons. Salmonella typhi- 
murinm was isolated from both the sau- 
sage and the cases. Other meats have 
been incriminated even more frequent- 
ly. British investigators? summarize as 
follows their opinions as to the source of 
2021 food poisoning incidents occurring 
in 1950: ‘‘Processed and made-up meat 
dishes are by far the most important 
foods in the spread of infection. Forty- 
eight per cent of all outbreaks where the 
vehicle of infection was ascertained were 
associated with meat pies, sausage meat, 
brawn, cold meats, stews, reheated and 
made-up dishes, pressed beef, rissoles, 
gravy, stock, and similar dishes.’ The 
importance of pork products, including 
sausage, as a possible source of sal- 
monellosis in man warrants emphasis. 
The knowledge that potential patho- 
gens are commonly present in edible 
meats on the open market is disquieting. 
Furthermore, the evidence that this is 
predominantly an indication of fecal 
pollution is disturbing. Public health of- 
ficials have given commendable atten- 
tion to the cleanliness and bacterial 
qualities of dairy products with gratify- 
ing results. It is scarcely reasonable that 
so little public health attention is given 
to the cleanliness and bacterial qualities 
of edible meats. We are impressed with 
the possible value of cultures for sal- 





5. Jones, A. C. and Symons, A. D. 1948, An 
outbreak of food poisoning due to S. dublin 
conveyed by sausages and sausage meat. 
Monthly Bull. Min. Health & Emer. Pub. 
Health Lab. Ser. 7: 202-206. 

. Petzel, C. 1949, An outbreak of meat food 
poisoning in a hospital. Ztschr. f. Hyg. u. 
Infektionskr. Abstracted in Bull. Hyg. 1949, 
24: 889-890. 

. Cockburn, W. C. and Simpson, E. 1951, Food 
poisoning in England and Wales, 1950. 
Monthly Bull. Min. Health & Pub. Health 
Lab. Ser. 10: 228-239. 
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monellae of the environment of abattoirs 
and of meats as a temporary index of 
unwarranted pollution. Later, in meats, 
as in milk, it may be practicable to use a 


coliform index as a measure of degree of 
fecal pollution. 

The meat processing industry clearly 
has sanitary problems difficult to con- 
trol. This begins with the tendency of 
some livestock producers to dispose of 
known infected herds or of mildly ill ani- 
mals while they still can be sold. There 
is no practical means of detecting ani- 
mals with a subclinical salmonella infec- 
tion among those offered for sale. More- 
over, there is an unavoidable congestion 
during marketing, transportation and 
holding at the abattoirs which favors a 
pre-mortem spread of infection. Within 
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the abattoirs the nature of the operation 
does not favor cleanliness, and many of 
the employees who are willing to work in 
abattoirs are undersensitive as to its im- 
portance. Possibly the problems ob- 
served are effectively controlled by 
some abattoirs, but if so, their methods 
should be applied more widely. 

The basic need is for a proper concern 
for the bacteriological environment of 
abattoirs and the bacteriological quality 
of meat products. Some of the accepted 
methods in the public health control of 
the cleanliness, sanitation and safety of 
dairy products could with advantage be 
adapted for the progressive improve- 
ment of the sanitary quality of meat 
products available to the American pub- 
lic. 





SOME METABOLIC ASPECTS OF HOST-PARASITE INTERACTION 
USING THE ALBINO MOUSE AND 
SALMONELLA TYPHIMURIUM 


L. JOE BERRY AND ROLAND B. MITCHELL* 
From the Department of Biology, Bryn Mawr College, Bryn Mawr, Pennsylvania, and the 
Department of Microbiology, USAF School of Aviation Medicine, 
Randolph Field, Texas 


Survival time of mice artificially in- 
fected by intraperitoneal injection of a 
saline suspension of Salmonella typhi- 
murium is reduced from an average of 
more than 72 hours to less than 24 hours 
by sublethal quantities of certain inhibi- 
tors and intermediates of the tricarbox- 
ylic acid cycle (Berry and Mitchell, 
1953a, b, c). Malonate is the most effec- 
tive of ten compounds tested (the re- 
sults with only five have been reported). 
This is not the case with all of the six 
additional pathogens which have been 
studied (Berry, Merritt and Mitchell, 
1954). There seems to be some degree of 
specificity between the in vivo effects 
produced by the different substances 
and the parasite’s ability to ‘‘benefit”’ 
from them. Moreover, it has been ob- 
served that when the number of bacteria 
introduced is incapable of killing control 
mice, 100% mortality may result when 
repeated injections of sublethal quanti- 
ties of the appropriate compound are 
given. The injection of substances po- 
tentially capable of altering reactions in 
the citric acid cycle may, under certain 
conditions, therefore, convert an other- 
wise sublethal infection into one that is 
fatal for an entire group of animals. 

These observations open a new ave- 
nue of attack on the biochemistry of 
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host-parasite interaction. While it is ob- 
vious that the parasite must derive its 
complete nutriment from the host, few 
of the details of the mechanisms by 
means of which this is accomplished are 
known. In the case of bacterial infec- 
tions, at least two phenomena must oc- 
cur concomitantly. In the first place, the 
microorganisms must increase in num- 
ber within the host, competing in some 
way for the necessary compounds they 
require for growth and multiplication. 
Then, secondly, as the parasite popula- 
tion grows larger, the toxic manifesta- 
tions of the infection must become pro- 
gressively more severe. 

The number of bacteria appearing in 
the blood stream of artificially infected 
mice following malonate injections is 
qualitatively larger than the number in 
the blood of mice injected with an equal 
volume of saline (Berry and Mitchell, 
1953b). Under the same conditions, the 
survival time is reduced. It becomes im- 
portant then to know more exactly the 
rate at which the bacteria increase in 
mice under the same experimental con- 
ditions that lead to reduced survival 
time. The first part of this communica- 
tion is concerned with this problem. A 
preliminary report has been submitted 
elsewhere for publication (Berry and 
Mitchell, 1954). 

The toxic manifestations of patho- 
genic bacteria are thought to be due to 
the action of exotoxins, endotoxins or 
both. Injections of some of the former 
may produce symptoms characteristic 
of that particular toxin, while adminis- 
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tration of the latter usually results in 
nonspecific effects. Experimental ani- 
mals may die within a few hours follow- 
ing the introduction of a sufficient num- 
ber of heat-killed bacteria, but they may 
survive if smaller numbers are involved. 
It was recently reported (Berry, Ehlers 
and Mitchell, 1954) that the injection of 
S. typhimurium endotoxin into mice fol- 
lowed, after approximately 15 hours, by 
injections of sublethal quantities of mal- 
onate, results in the death of all mice 
within 1 to 4 hours. None of the animals 
receiving the same quantity of endo- 
toxin and the same number of injections 
of saline without malonate died within 
this period of time; however, 2 of 9 mice 
succumbed the following day. Toxic 
amounts of endotoxin were employed, 
but the cause of rapid death in the ani- 
mals given malonate must be sought in 
terms of a summation of biochemical ef- 
fects. The second part of this report is 
concerned with the results of studies de- 
signed to elucidate this aspect of the 
problem. 


METHODS 


Determination of the number of S. typhimurium 
in the blood of mice—The number of bacteria in 
the blood of mice artificially infected with S. 
typhimurium was determined by the method de- 
scribed previously (Berry and Mitchell, 1954). 
Briefly, this involves amputating the end of the 
mouse’s tail, drawing the blood to the “1.0” mark 
of a calibrated small red blood cell diluting pi- 
pette, diluting the blood with heparinized saline, 
and, after thorough shaking, discharging the full 
contents of the pipette onto the surface of a Petri 
dish containing SS agar. The number of colonies 
developing, times the ratio of 1 cc. to the absolute 
volume of blood used (this is 1000 for pipettes 
with a volume of 0.001 cc), gives the estimated 
number of bacteria per cc of blood. Under ex- 
perimental conditions shown by preliminary test 
to yield bacterial numbers in excess of those re- 
liably counted by this procedure, additional dilu- 
tion is required. Accordingly, the contents of the 
red cell pipette are discharged onto a clean glass 
slide and a calibrated white blood cell diluting 
pipette is filled to the ‘1.0’ mark with this 
diluted blood, and then to the ‘'11’’ mark with 
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saline. After shaking, the contents are spread 
over the surface of SS agar. With the particular 
pipettes employed, the number of colonies times 
11,000 gave the estimated number of bacteria per 
ce of blood. 

For each individual experiment, mice in groups 
of 10 were infected intraperitoneally with 0.5 ml 
of a standardized suspension of S. typhimurium 
containing about 250,000 bacteria, the prepara- 
tion of which has been described previously 
(Berry and Mitchell, 1953b). Immediately there- 
after, half of the mice were injected with 20 mg 
sodium malonate (Eastman) dissolved in 0.5 ml 
of sterile 0.9% sodium chloride solution, and the 
remaining half were injected with the same vol- 
ume of saline alone. The injections were repeated 
at hourly intervals until a total of 8 injections 
had been administered. Beginning 1 hour post- 
infection, blood samples were taken from each of 
the 10 mice in turn. When all mice had been bled, 
the procedure was repeated until each animal had 
been sampled about 5 times within a 12-hour 
period. Survivors were sampled again on succeed- 
ing days. Records were kept for the individual 
mice and the time of death was recorded to the 
nearest hour postinfection. The mice were marked 
with a color code which made possible identifica- 
tion of the individual animals. 

In addition to malonate, injections of fluoro- 
acetate, citrate, and succinate were given infected 
mice in amounts and at intervals used previously 
(Berry and Mitchell, 1953c). They received two 
injections of sodium monofluoroacetate (kindly 
supplied by Monsanto Chemical Co.), the second 
following the first by 6 hours. Each injection con- 
tained 8 mg per kg dissolved in approximately 
0.5 ml of saline. Injections of citrate and succinate 
were given, like malonate, at hourly intervals for 
a total of 8 injections Each injection of citrate 
(trisodium, Merck) contained 10 mg in 0.5 ml of 
saline and of succinate (disodium, Merck) con- 
tained 20 mg in 0.5 ml of saline. Bacterial counts 
on the blood of mice so treated were made so that 
they might be compared with those for mice given 
malonate. 

Determination of blood sugar in mice.—Blood 
glucose was determined by the method of Bene- 
dict (1931). A Coleman model 11 spectrophotom- 
eter was used for measuring the color. 

Volumes of blood ranging from 0.25 to 0.5 ml 
were obtained by decapitation. The blood was 
collected in a paraffined watch glass and its vol- 
ume was measured in a tuberculin syringe. It was 
placed in a 50 cc Ehrlenmeyer flask which con- 
tained 3.0 ml of distilled water. The flask was 
swirled vigorously each time the blood of from 
2 to 5 mice was added. When the pooled sample 
had been collected, enough distilled water was 
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measured into the flask to bring the final volume 
to 7 times the total volume of blood. After the 
addition of one blood volume of 10% sodium 
tungstate solution, an equal amount of 2/3 N 
sulfuric acid was added drop by drop from a 
buret while the flask was constantly shaken. 
After 5 minutes the precipitated blood was 
filtered through qualitative filter paper and the 
filtrate was collected in a 50 cc beaker. The 
Benedict test for glucose was carried out on this 
filtrate. 

Preparation of S. typhimurium antigen.—S. 
typhimurium antigen (or endotoxin) was pre- 
pared by inoculating 10 ml of brain heart in- 
fusion broth (Difco) from a stock culture and in- 
cubating the tubes for 19 hours at 37 C. The 
number of bacteria contained in such a culture, 
as determined by dilution counts, is about 2 
billion cells per ml. The culture was heated for 
1 hour in a water bath held between 60 to 70 C. 
Subcultures into nutrient broth were made to 
insure that no viable organisms remained. The 
antigen was stored in the refrigerator. Each 
mouse was injected with 0.5 ml of this prepara- 
tion. As a check on this type of antigen, another 
was prepared by growing the bacteria on nutrient 
agar slants, washing them free with a stream of 
sterile saline, centrifuging and discarding the 
supernatant and repeating this three times in 
order to free the cells of foreign substances that 
might dissolve out of the nutrient material. The 
final suspension of cells was heat-killed as de- 
scribed above immediately after a dilution count 
had been made in order to determine the cellular 
density of the suspension. The final preparation 
was adjusted with saline until there were about 
2 billion cells per ml. 

Lactic acid determination in organs of mice. 
Lactic acid was assayed, according to the method 
of Umbreit et al (1945), in blood, duodenum, 
heart, kidney, liver and spleen. Each determina- 
tion was made on pooled samples of the indi- 
vidual organs of from 3 to 5 mice. 

Blood, collected and measured as described 
above, was placed in a 100 cc Ehrlenmeyer flask. 
Immediately thereafter, 10 times this volume of 
10% trichloroacetic acid and an equal volume of 
tap water were added. The flask was agitated on 
a Boerner shaker until the next sample of blood 
was added. Finally, the contents of the flask were 
transferred to a centrifuge tube and centrifuged. 
The assay was carried out on 1 ml of the super- 
natant and the number of micrograms it con- 
tained times 12 gave the weight of lactic acid per 
ml of blood. 


The other tissues were dissected out as quickly 
as possible by one member of a team and placed 
directly on a block of dry ice. They were weighed 
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in the frozen state on a torsion balance by the 
other member of the team and returned to the 
dry ice until all organs were ready to be homog- 
enized. The tissues were then placed in homog- 
enizing tubes, one for each type of organ, which 
contained 2 ml of ice cold isotonic potassium 
chloride solution. Following homogenization, ad- 
ditional potassium chloride was added to bring 
the final volume to 1 ml per 100 mg of tissue. 
Proteins were precipitated by the addition of an 
equal volume of 20% trichloroacetic acid and, 
following thorough stirring of this mixture, 1 ml 
was transferred to a small test tube which con- 
tained 1 ml of distilled water. This was centri- 
fuged and the assay was carried out on 1 ml of 
the supernatant. The weight of lactic acid in this 
material times 40 gave the number of micro- 
grams per gram wet weight of tissue. 

General.—Insulin was injected into mice by 
diluting the commercial preparation (lletin, 
Lilly) which contained 20 units per ml in such a 
way that 1 unit was present in 0.5 ml. Saline was 
used as the diluent. Mice were injected with 0.1 
ml of 1: 1000 dilution of adrenalin chloride (Parke, 
Davis). All injections were made intraperitone- 
ally, 

Young adult female mice of the CF 1 strain 
were used in these studies. All animals were 
housed in small cages containing wood shavings. 
They were fed Purina dog chow and water was 
available at all times. 


RESULTS 


1. Bacteremia in mice injected with in- 
hibitors or intermediates of the tricar- 
boxylic acid cycle-—Before the effect of 
injections of inhibitors or intermediates 
of the tricarboxylic acid cycle on the se- 
verity of the bacteremia which develops 
in artificially infected mice could be ex- 
perimentally determined, it was first 
necessary to establish the time-course of 
the blood stream infection in a group of 
control mice. Accordingly, it was found 
that mice infected by intraperitoneal in- 
jection of a standardized suspension of 
S. typhimurium followed by hourly in- 
jections of saline develop a bacteremia 
within 1 to 2 hours. A peak value is 
reached at 7 hours postinfection, and 
this is followed by a decrease in the num- 
ber of bacteria per unit volume of blood 
which approaches zero between 12 and 
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24 hours. Thereafter, as the infection be- 
comes more severe, the organisms return 
to the blood stream in larger and larger 
numbers until death intervenes. This re- 
lationship can be seen in table 1, the 
column designated “‘saline.’’ Each value 
was obtained by averaging the number 
of bacteria per ml of blood determined 
experimentally at each of the different 
intervals postinfection in a total of 42 
mice. Counts were not made at each in- 
terval on all mice. The largest number 
involved was 39 mice at 5 hours and the 
smallest number was 5 mice at 72 hours. 

These data give quantitative confir- 
mation of a relationship described by 
Webster (1933) about 20 years ago. He 
determined, by culturing the blood of 
mice infected intraperitoneally with 
Salmonella enteritidis, the time at which 
bacteria first appeared in the blood and 
the time at which they subsequently dis- 
appeared. He found positive cultures 
after 2 to 4 hours post-infection and neg- 
ative cultures, as a rule, at 12 hours. 
With our mice, the blood is positive the 
first hour in about half the mice and it is 
still positive in about one-third the mice 
at 12 and 24 hours. This is in good agree- 
ment with Webster’s findings, even 
though he used a different organism and 
a different method. At 48, 53, and 72 
heurs postinfection, the number of bac- 
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teria in the blood stream of control mice 
increases exponentially. The final count, 
at 72 hours, averaged 406,000 bacteria 
per ml of blood. At this time the first 
deaths occur and they continue for the 
next 4 or 5 days. The average time of 
death for these mice is 110.6 hours post- 
infection, as shown in table 2, column 
§.° 

To be compared with the results for 
control mice are those obtained for mice 
similarly infected but given injections of 
malonate, fluoroacetate, succinate, or 
citrate. The average number of bacteria 
per unit volume of blood at different 
times postinfection in mice given one of 
the different compounds are presented 
in table 1. The largest number of bac- 
teria appears in the blood of animals in- 
jected with malonate. At 9, 10, and 12 
hours postinfection, these mice have a 
mean bacterial count of more than 3 
million per ml of blood. Since some ani- 
mals died by the 8th hour postinfection, 
the peak bacterial counts should be con- 
sidered characteristic of only the sur- 
vivors. At 13 hours postinfection, 10 of 
15 animals were dead and the remaining 
5 were dead at 24 hours (see table 2). In- 


* Average survival times as shown are larger 
than true values since animals dying overnight 
were listed as having died at the hour when they 
were found. 


TABLE 1.—Mean number of bacteria per ml of blood in different groups of mice infected 
intraperitoneally at time 0 with 250,000 cells of S. typhimurium. 


Time 
postinfection 
(hours) 


Saline 
(8 X0.5 ml) 


Malonate 


| 
| 
| 


,100 
4,800 
,300 
400 


ONAMewWNe 
AUNAAnUannn | 





(8 X20 mg) 


Mean number of bacteria per ml! of blood from mice given injections of 


Citrate 
(8 X10 mg) 


2,000 
3,300 
3,700 
24 ,800 
43 ,200 
86 ,800 
76,200 


Fluoroacetate Succinate 
(2X8 mg/kg) (8 X20 mg) 


2,200 
4,300 





4,000 
11,400 


23 ,400 
40 ,750 
111,700 


232 ,000 42,400 
5 ,000 


392 ,000 


Injections of all compounds were given by the same route at hourly intervals except fluoroacetate. With this compound, 


the second injection was given 6 hours after the first. 
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TABLE 2. 
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The mean maximum number of bacteria and the standard deviation of the mean, appearing in 


the blood stream of all mice within a group during the first 12 hours post-infection and the mean survival 
time + the standard deviation of the mice in each group. The range of values for each mean and the 
number of mice per group are given. 





Standard 
deviation 
ot mean 


Average 
maximum 
number of 

bacteria 


Number 
mice 
tested 


Mice injected 
with 


Saline 42 
(8 X0.5 ml) 
Malonate 
(8 X20 mg) 
Fluoroacetate 5 
(2X8 mg/kg) 
Succinate 
(8 X20 mg) 
Citrate 
(8 X10 mg) 


31,142 


15 , 796 ,000 2,411,500 


, 281 ,000 972 ,000 


10 210 ,000 162 ,400 


17 162 ,900 280 ,900 








Range of values 
for maximum 
numbers 


Average 
survival time 
+ standard 
deviation 


Range of 
survival 
times 





~ 2,000- 221,000 
90 ,000-8 , 300 ,000 
465 ,000-2 ,940 ,000 
90 ,000- 560,000 
18 ,000-1 , 150,000 


14.8+ 7.0 
21.2+ 6.3 
50.6 + 26.6 
70.3+20.3 


110.6+25.1 


72-192 
8— 24 
10— 24 
24— 96 
24— 96 





fected mice injected with fluoroacetate 
develop a severe bacteremia as early as 
mice given malonate, even though the 
maximum average number of bacteria in 
these mice never exceeds 900,000 per ml. 
Some of the individual mice in this 
group had well over a million organisms 
per ml of blood and none survived be- 
yond 24 hours. The initial deaths oc- 
curred later and the average survival 
time was longer than in mice given 
malonate. This is shown in table 2. 

Mice given succinate have slightly 
less than 400,000 bacteria per ml of 
blood at 24 hours postinfection. The 
bacteremia becomes steadily more se- 
vere up to this time when the first mor- 
talities occur. This may be seen in 
tables 1 and 2. Citrate, on the other 
hand, produces a bacteremia just as 
severe as succinate during the first 5 
hours (table 1), but by the end of 12 
hours postinfection, the number of 
bacteria decreases, as it did in control 
mice. The average survival of mice 
given succinate is much longer than it is 
for animals injected with fluoroacetate 
but it is nearly 20 hours less (but not 
statistically significant) than it is for 
citrate, as shown in table 2. 

Not only is the time course of the bac- 
teremia important, but possibly more 
significant, in view of the individual 
variation in survival time of mice, is the 
mean maximum number of bacteria ap- 


pearing in each group during the first 12 
hours postinfection. The mean values 
and their standard deviations are pre- 
sented in table 2, including the range of 
values for each group and the number of 
animals on which counts were made. 
Similar data are given for survival time, 
already referred to in the paragraphs 
above. A study of these data brings out 
the following facts: (a) The greatest 
average number of bacteria per ml of 
bleod occurs in mice given malonate, 
followed, in order, by animals injected 
with fluoroactetate, succinate, citrate, 
and finally control mice. (The average 
maximum numbers are based on values 
for all mice, irrespective of time, and 
hence differ from the values in table 1.) 
(b) When the difference in mean maxi- 
mum number of bacteria between one 
group and that for the other groups is 
tested in turn for significance by the 
Mann-Whitney test according to the 
method of White (1952), a probability 
of less than 0.1% is found for each ex- 
perimental group compared to the con- 
trol group. The differences between non- 
control groups are all significant at the 
1.0% level except in the cases of malo- 
nate vs. fluoroacetate and succinate vs. 
citrate. The two exceptions were not sig- 
nificant even at the 5% level. (c) The 
significance of the difference between 
means exists despite the very large 
standard deviations which reflect large 
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variations in individual values within a 
single group of mice. (d) Mean survival 
times are inversely related to the mean 
maximum number of bacteria. (e) Sta- 
tistical analysis by the method of White 
(1952) of the differences in mean sur- 
vival time between all groups gave a 
probability of 1.0% or less in all except 
two cases. The fluoroacetate group vs. 
the succinate group was significant at 
the 5% levei, while succinate vs. citrate 
was not significant. (f) A plot of the log- 
arithm of the mean maximum number 
of bacteria in each group versus the 
mean survival time for the mice in that 
group gives two straight lines with a 
break occurring at the mean value for 
succinate. This is shown in figure 1. A 
break gives the best curve even when 
the standard deviation for each mean is 
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taken into consideration. The presence 
of the break, however, poses a question. 
Does the steeper slope hold when death 
results from an infection in which the 
initial bacteremia is overwheiming and 
the lesser slope when the infection is 
such that the initial bacteremia is 
transitory, as it is with the citrate and 
control groups, and must be followed by 
subsequent multiplication of the bac- 
teria? Evidence at hand does not permit 
an answer. 

2. The effect of S. typhimurium anti- 
gen (endotoxin) and Krebs cycle inhibi- 
tors and intermediates on blood sugar con- 
centration in mice.—Animals given in- 
jections of endotoxins are known to de- 
velop an initial hyperglycemia followed 
by hypoglycemia (Boivin and Mesrobe- 
ance, 1934; Delafield, 1932; Kun and 


a 





100 


MEAN SURVIVAL TIME IN HOURS 


Fic. 1.—The logarithm of the mean maximum number of bacteria per ml of blood from mice of 
different experimental groups plotted against the mean survival time of that group. All values were 
taken from table 3. The points as they appear in the graph reading from left to right have the following 
numerical values: malonate group, log 1,796,000 vs. 14.8; fluoroacetate group, log 1,281,000 vs. 21.2; 
succinate group, log 210,800 vs. 50.6; citrate group, log 162,900 vs. 70.3; control group, log 31,142 


vs. 110.6. 
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TABLE 3. 


Blood sugar concentration + the stand- 
ard deviation in mice at different intervals of time 
after the injection of S. typhimurium endotoxin. 
The value for normal mice is given for comparison. 


Number of 
separate 
determina- 

tions 


Time after 
endotoxin 
injection 


Number 
of mice 
used 


Blood sugar 
concentration 
(mg %) 
Before 30 14 

1 hr 7 


| 


N 


Hi+ HH I+ 
| ~IWOSMAN 
wee | 


aus 
wu 
—o 

t 
SCwoed 


15-17 hr % 


| 
| 
| 


Miller, 1945; Menten and Manning, 
1924; Oddy and Evans, 1940; Zeckwer 
and Goodell, 1925), but the changes oc- 
curring in blood sugar of mice when 
both malonate and endotoxin are given 
remain to be determined. This becomes 
important since it is known (Berry, 
Ehlers and Mitchell, 1954) that the ad- 
ministration of these two substances in 
proper leads to convulsive 
death in 100% of animals within a few 
hours. 


sequence 


The average blood sugar concentra- 
tion in 30 normal mice is 163.4 mg%. 
This is shown in table 3. Presented in 
the same table are the average blood 
sugar levels of mice at different time in- 
tervals following the administration of 
0.5 ml of a heat-killed brain heart in- 
fusion broth culture of S. typhimurium. 
At the end of 1 hour, the blood sugar con- 
centration is significantly elevated, but 
by the 2nd hour it is below normal and it 
continues to decline until the 6th hour. 
At this time it is as low as it is after 17 
hours. Injections of sterile brain heart 
infusion broth alone do not alter the 
level of blood sugar in mice; and injec- 
tions of a saline suspension of thor- 
oughly washed and heat-killed organ- 
isms, in numbers equivalent to those in 
the culture, produced, after 17 hours, 
hypoglycemia that is similar to that 
shown in table 3 (60.3 vs. 63.1). There- 
fore, the decrease in blood sugar is due 
to the endotoxin and not to the medium 
in which the organisms were suspended. 
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An important change in blood sugar 
concentration was observed following 
the administration of two malonate in- 
jections, each containng 20 mg in 0.5 ml 
of solution and the second following the 
first by one hour, which were started 
about 15 hours after the animals had 
been given antigen. An average value of 
32.1 mg% was found in 9 mice, as 
shown in table 4. All of these animals 
were in convulsions at the time they 
were sacrificed and none survived the 
full 2 hours. This severe hypoglycemia 
approaches the 17.5 mg% found in 8 
mice that were suffering from insulin 
shock at the time the blood samples 
were taken. These values are presented 
in table 4 and they are to be compared 
with the blood sugar concentrations 
obtained when arsenite, fluoroacetate, 
citrate, and succinate were each sub- 
stituted for malonate. Arsenite injec- 
tions are accompanied by the lowest 
blood sugar values of any of these com- 
pounds (21 mg%), and none of the 
mice survived the 2 hour period. Fluoro- 
acetate is next, 47.7 mg%, followed by 
citrate and succinate, 55 and 57.5 mg%, 
respectively. This ranking is not to be 
considered as established since the dif- 
ferences are not statistically significant 
in most cases. Only one of the mice in 
the group receiving fluoroacetate suc- 
cumbed during the 2-hour interval that 
elapsed between the injection of the in- 
hibitor and the sacrifice of the animals. 
Introduction of these same compounds 
alone into mice not previously given 
endotoxin is without effect on the con- 
centration of blood glucose. This is 
shown only for malonate, a result that is 
representative of all, and should be com- 
pared with the value for normal mice 
given in table 3. On the basis of this evi- 
dence, it seems reasonable to assume 
that the death of mice given heat-killed 
S. typhimurium followed 15 to 17 hours 
later by hourly injections of malonate 
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TABLE 4—Blood sugar concentration + the standard deviation in mice injected 15 to 17 hours in advance 
with S. typhimurium endotoxin and then injected with malonate, arsenite, fluoroacetate, citrate, or 
succinate. These values are to be compared with those following injections 
of malonate alone or with mice in insulin shock. 





Conditions under which blood 


c Number of 
sugar was determined i 





15 hrs after endotoxin + malonate in- 
jections (2 X20) 
during insulin shock 

15 hrs after endotoxin + arsenite 
(1 X0.125 mg) 

15 hrs after endotoxin + fluoroacetate 
(1 X8 mg/kg) 

15 hrs after endotoxin + citrate 
(2 X10 mg) 

15 hrs after endotoxin + succinate 
(2 X20 mg) 

1 hr after second malonate injection 
(2 X20) 





(Berry, Ehlers and Mitchell, 1954) is 
possibly related in some manner to the 
hypoglycemia. Certainly the convulsive 
death of any of these animals, regard- 
less of the compound responsible, pre- 
sents the same appearance as that ob- 
served with overdoses of insulin. 

The question now arises as to why 
the endotoxin produces hypoglycemia. 
Since the animals exhibit a loss of ap- 
petite, a decrease in activity, and a def- 
inite appearance of illness, there is the 
obvious possibility that inanition alone 
is responsible. Accordingly, mice were 
placed in cages without food for a pe- 
riod of 20 to 24 hours. At the end of this 
time they were sacrificed and their 
blood sugar concentration was deter- 
mined. As table 5 shows, hypoglycemia 
(61.4 mg%) as severe as that produced 
by endotoxin (table 3) was found in 
these animals. However, when malonate 
injections were made into such mice, 
there was no significant drop in blood 
sugar. One must conclude, therefore, 
that the decrease in blood sugar follow- 
ing malonate injections into mice pre- 
viously inoculated with endotoxin is not 
dependent, per se, on an initially low 
blood sugar, since malonate does not 
lower blood sugar when it is injected in- 
to starved mice with a blood sugar 
equally as low. Implied in these obser- 
vations is an unexplained relationship be- 


Number of 


concentration Comments 


(mg %) 


4 None survived 2 hr afte 
ist malonate 
None survived 2 hr after 
arsenite injection 
5 survived 2 hr 
7 survived 2 hr 
6 survived 2 hr 


159+ 14. 


tween antigen and malonate which per- 
mits the latter to lower blood sugar. As 
evidence that the hypoglycemia ob- 
served 17 hours after injection of endo- 
toxin is due to depletion of carbohy- 
drate reserves, in agreement with other 
workers (Kun and Miller, 1948; Koch 
and Olitzi, 1946; Kun, 1948a; Kun and 
Abood, 1949), is the fact that an injec- 
tion of a quantity of adrenalin capable 
of raising the blood sugar level in normal 
mice to an average of 243.5 mg% (see 
table 5) is unable to alter the hypo- 
glycemia of mice given the antigen. Ad- 
renalin in starved mice, however, raises 
blood sugar to almost normal levels, 
proof that carbohydrate reserves re- 
main. These conclusions regarding the 
TABLE 5.—The effect of 20 to 24 hours of starvation, 
of starvation followed by injections of either malo- 
nate or adrenalin, of adrenalin injections in normal 
mice, and of S. typhimurium endotoxin plus ad- 


renalin on the blood sugar concentration + the 
standard deviation in mice. 








Conditions under N 
which blood sugar of 
was determined i tests 


Number’ Blood sugar 


concentration 
(mg %) 





After 20-24 hrs starva- 
tion g 61.4+ 8.7 

After 22 hrs starvation 
+2 malonate injec- 
tions 

After 22 hrs starvation 
+ an injection of ad- 
renalin 

15 hrs after endotoxin 
+ an injection of ad- 
renalin 

normal mice 1 hr after 
an injection of ad- 
renalin 


$7.34 7.0 


149.3+14.3 


56.5+16.5 


243.5+22.6 
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carbohydrate reserves have been veri- 
fied by glycogen determinations accord- 
ing to the method of Good, Kramer and 
Somogyi (1933) on the livers of normal 
mice, of mice 15 to 17 hours after endo- 
toxin injections and of mice after 20 to 
24 hours of starvation. Each assay was 
carried out on the pooled livers of two 
or three mice. The average values found 
in three or four assays with mice of each 
group are as follows: normal mice, 2.5% 
glycogen (as glucose); mice injected 
with endotoxin, 0.025%; and starved 
mice, 0.21%. According to these values, 
starvation reduces glycogen to about 
10% of normal, while endotoxin reduces 
it to about 1% of normal. 

Another difference between the mode 
of action of endotoxin and inanition in 
lowering blood sugar concentration in 
mice is made evident when the time fac- 
tor is reduced from 17 to 24 hours to 4.5 
hours. As shown in table 6, the blood 
sugar value in mice starved 4.5 hours 
averages 130.3 mg% and in similar mice 
injected with malonate it is 129.9 mg% 
In contrast to these values, which are 
lower than those for normal mice, as 
shown in tables 3 and 4, are the values 
found 4.5 hours after S. typhimurium 
antigen is injected. For such mice an 
average value of 79.5 mg% was found, 


TABLE 6.—Blood sugar concentration + the stand- 
ard deviation in mice after 44 hours of starvation, 
of starvation plus injections of malonate, and in 
mice 44 hours after the injection of S. typhimurium 
endotoxin, of endotoxin plus malonate and 
endotoxin plus adrenalin injections 








Conditions under Number Number Blood sugar 
which blood sugar of of concentration 
(mg %) 


was determined mice tests 
130.3+20.1 





After 44 hrs starvation 13 6 
After 44 hrs starvation 
+ 2 malonate injec- 
tions 
44 hrs after endo- 
toxin 
44 hrs after endo- 
toxin+ 2 malonate 
injections 
44 hrs after endo- 
toxin+ an injec- 
tion of adrenalin 


129.9+14.5 
79.04 8.5 


48.5+ 9.8 


43.54 S$.7 
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and following malonate injections the 
blood sugar decreased to 48.5 mg%, a 
value not significantly different from 
that found when adrenalin was sub- 
stituted for malonate. The value of 43.4 
mg% suggests a depletion of carbo- 
hydrate reserves. These data prove that 
inanition alone cannot produce hypo- 
glycemia within the same time period as 
severe as the bacterial endotoxin. This 
is not to say, however, that an elevated 
metabolic rate combined with inanition 
may be responsible, at least in part, for 
the difference. 

This link between bacterial endo- 
toxin, malonate, and hypoglycemia 
poses a question easily answered by a 
simple experiment. Can injections of 
sugar protect a mouse from the lethal 
effects of endotoxin plus malonate? The 
answer is a qualified yes, as shown by 
the results presented in table 7. Here it 
can be seen that 8 of 9 mice given 
hourly injections of malonate, starting 
approximately 16 hours after heat- 
killed S. typhimurium was administered, 
die within a period of 13 hours. The 
same amount of malonate in combina- 
tion with glucose fails to kill any of the 
animals during this same period of time, 
even though 4 of 9 mice die within the 


TABLE 7.—The combined results of two separate 
experiments showing the survival of mice inoculated 
with about 1 billion heat-killed S. typhimurium 
followed, after 15 hrs, by hourly injections for a 
total of three injections with 0.5 ml of one of the 
following solutions: normal saline containing 20 
mg malonate, 20 mg malonate and 40 mg glucose, 
40 mg glucose, or saline alone. Animals given the 
injections but not the bacteria survived. 








Mice injected with 





Time in 
hours 


Malonate Glucose Saline 


Malonate 
f- 





0 9* 
1 St 
1} 1 
2 1 
3 0 
6 

24 





* Number at start. ; 
t Number surviving at time interval indicated. 
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next 30 minutes. The last mouse in- 
jected with malonate alone dies by the 
3rd hour, and the fifth mouse injected 
with both malonate and glucose dies 
during the same interval. Mice receiv- 
ing glucose alone or saline alone suffer 
2 and 1 deaths, respectively, within the 
same 3-hour period. Twenty-four hours 
after the start of the injections, 5 of 10 
mice given glucose and 6 of 9 mice given 
saline survive, a difference that is not 
statistically significant. As further proof 
that endotoxin plus malonate alter the 
mouse’s ability to metabolize glucose is 
the following data. A single injection of 
glucose into each of 4 mice 17 hours 
after they had been given endotoxin 
gave an average blood sugar concentra- 
tion of 223 mg%. An equal number of 
mice also given endotoxin but injected 
with both glucose and malonate had an 
average blood sugar concentration of 
144.5 mg%. When the injections of 
both glucose and malonate were re- 
peated in such mice for a total of four 
injections, the average blood sugar level 
in three mice was 104 mg%. This indi- 
cates that these large quantitites of 
glucose were unable to produce a normal 
blood sugar concentration in mice re- 
ceiving endotoxin, malonate and glucose. 
However, it seems very likely that the 
death of some of these mice occurs at a 
time when the blood sugar level is well 
above the level which results in hypo- 
glycemic convulsions. The immediate 
cause of death under such conditions 
must be sought in other changes, pos- 
sibly the ability of the animals to utilize 
glucose. 

3. The effect of S. typhimurium anti- 
gen (endotoxin) on the lactic acid content 
of mouse organs.—Since previous work 
from this laboratory made evident an 
increase in citric acid in certain organs 
of mice previously injected with a heat- 
killed culture of S. typhimurium (Berry, 
Ehlers and Mitchell, 1954) and since 
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low blood sugar does not appear to ac- 
count for the death of mice injected first 
with endotoxin and then with malonate 
and glucose, the possible existence of 
other metabolic disturbances was 
sought in the assay of organs for lactic 
acid. Lactic acid was determined in 
blood, spleen, liver, kidney, heart and 
duodenum of normal mice and of mice 
15 to 17 hours after they had been in- 
jected with either a heat-killed culture 
of S. typhimurium or a _ heat-killed 
washed suspension of the same organ- 
ism. The results are summarized in 
table 8. There is a statistically signifi- 
cant decrease in the lactic acid content 
of liver, kidney, heart and duodenum 
of mice given either type of antigen (no 
differences were observed in their ac- 
tion) compared with that of normal 
mice. The smallest significant change 
was in the liver, where a value 79% of 
normal was obtained, while the largest 
change was in the duodenum, where a 
value 52% of normal was found. The 
lactic acid content of both blood and 
spleen was unaltered. Other workers 
(Boivin and Mesrobeanu, 1934; Dela- 
field, 1932; Kun and Miller, 1948), how- 
ever, using related endotoxins in larger 
doses, lethal for rabbits, within 2 to 3 
hours, found an increase in blood lactic 
acid concentration. When assays were 
made on the blood of mice 1 hour after 
they had been given the same number 


TABLE 8.—Lactic acid content (in micrograms per 

gram wet weight), + the standard deviation, of or- 

gans of normal mice and of mice 15 to 17 hours after 
the injection of heat-killed S. typhimurium. 








Micrograms of lactic acid 





Organ or 


tissue Probability 


Injected 
mice 


Blood 257+ 16.9 240+ 28.7 

Spleen 434+ 47.1 435+ 36 

Liver 504+ 35.6 396+ 31 <0.01 
.6 
.6 


Normal 
mice 





Heart 1680 + 113 1213 + 183 <0.01 
Kidney 681+ 79 409+ 67 <0.01 
Duodenum 1092+ 73 567+ 43 <0.01 





Each value in the table is the average of at least 5 sepa- 
rate determinations on the pooled samples of 2 to 5 mice. 
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of heat-killed organisms used to obtain 
the data of table 8, a decrease in lactic 
acid was found. The average of two 
determinations, each with 5 mice, was 
179 ue per ml (174 and 183). Since 
typhoid is an intestinal disease, it is in- 
teresting to note that the duodenum is 
most profoundly affected, even though 
this observation may be fortuitous. 
DISCUSSION 

The effect of host metabolism* on the 
parasite and, conversely, the effect of 
the parasite on host metabolism have 
been investigated. As the results show, 
each is capable of exerting a profound 
influence on the other. It remains prob- 
lematical, however, whether the im- 
plied reciprocity of action is, in reality, 
a true phenomenon of the infectious 
process. 

The overwhelming rate at which the 
number of S. typhimurium increases in 
the blood of mice injected with malo- 
nate or fluoroacetate bears an over-all 
resemblance to the increase in pneumo- 
coccal bacteremia observed in rabbits 
injected with cortisone, compound F or 
adrenocorticotrophic hormone (ACTH), 
as recently reported by Robinson and 
Smith (1953). The critical difference be- 
tween the two experiments, aside from 
species differences, is the time factor. In 
the present studies the peak values ap- 
peared within about 12 hours while with 
rabbits and pneumococci the peaks oc- 
curred at 3 days. In order for the hor- 
mones to produce this effect in an in- 


* Evidence from the literature for alterations 
in the functioning of the tricarboxylic acid cycle 
in mice and in other animals under experimental 
conditions similar to those described in this paper 
following injections of malonate, fluoroacetate 
and arsenite has been cited in previous publica- 
tions by the authors (Berry and Mitchell, 1953b 
and c). This is no proof, however, that the results 
we observe with infected mice under these con- 
ditions are actually to be attributed to the meta- 
bolic disturbances inferred. 
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fected rabbit, injections had to be 
started 5 days in advance for cortisone 
and compound F, or 2 days in advance 
for ACTH, and all were continued for 3 
days postinfection. In similar experi- 
ments with mice infected with pneumo- 
cocci (Kass et al, 1951), the same type 
of preinfection hormone treatment as 
well as postinfection treatment, each 
extending over a period of several days, 
is required to render the animal less 
resistant to the pneumococci. In con- 
trast to the several days required in the 
hormone experiments are the few hours 
involved with mice and pneumococci 
when an inhibitor of the Krebs cycle is 
injected (Berry, Merritt and Mitchell, 
1954). While the explanation for the 
greater susceptibility of mice with what 
is assumed to be an altered tricarboxylic 
acid cycle may be sought in hormonal 
effects, it must be remembered that in 
order for this to be true the hormones 
would have to act with a speed and, un- 
der selected conditions, with an extreme 
effectiveness (all experimental mice die 
within a few hours and all control mice 
survive completely) that has not been 
duplicated to the authors’ knowledge by 
the use of hormones alone. It is possible, 
however, that changes in the Krebs 
cycle may result within a few hours in 
an impaired cellular defense, similar to 
that postulated by Thomas (1953) as 
the preferred explanation for the in- 
creased susceptibility of experimental 
animals following steroid hormone ad- 
ministration. This suggestion is subject 
to experimental verification. 

The basis for the changes in blood 
sugar accompanying the injection of 
certain bacterial endotoxins is not pre- 
cisely known, even though it has been 
demonstrated that the glycogen reserves 
become depleted by the time the hypo- 
glycemia reaches minimum levels (Kun 
and Miller, 1948; Kun, 1948a; Kun and 
Abood, 1949). Evans and Zeckwer 
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(1927) attributed the hyperglycemia to 
central stimulation of the suprarenals 
via the splanchnic nerves with conse- 
quent glycogenolysis. They also found 
that ergotamine tartrate prevented the 
hyperglycemia, insulin neutralized it, and 
thyroidectomy decreased it. Lawrence 
and Buckley (1927) attributed the hy- 
perglycemia which follows injections of 
diphtheria toxin to glycogenolysis and 
reported that the action of insulin, un- 
der these conditions, was reduced, that 
ergotamine lowered the rise in blood 
sugar level, and that both thyroid and 
adrenals were concerned. Soskin et al 
(1935) maintained that abnormal dex- 
trose tolerance curves occurring in cases 
of toxemia are due to the effects of the 
toxin on the liver and not on the pan- 
creas, resulting in an interference with 
the homeostatic mechanism of the liver. 
More recently, Kun (1948b), in a series 
of experiments with muscle extracts 
prepared from rats injected with me- 
ningococcal endotoxin, showed that glu- 
cose utilization was markedly inhibited 
and that the inhibition could be neu- 
tralized by insulin. He concluded that 
the activity of hexokinase was reduced 
by the endotoxin. Thus the observations 
of Soskin et al would be explained more 
specifically by the work of Kun. 

The hypoglycemia that follows the 
initial rise in blood sugar level may be 
attributable to the combined action of 
several factors. Faulty glucose utiliza- 
tion would prevent the proper conserva- 
tion of carbohydrate reserves, while the 
inanition and the febrile reaction, with 
its implied elevation in metabolic rate, 
would lower intake and raise output. 
Thus, as seen in table 6, inanition alone 
results in a significant reduction in blood 
sugar within 4 to 5 hours. Proof that 
this explanation alone is inadequate is 
the fact that malonate injections into 
mice previously inoculated with endo- 
toxin result in a precipitous drop in 
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blood sugar, while mice with an equiv- 
alent hypoglycemia produced by in- 
anition are completely uninfluenced by 
malonate injections insofar as_ blood 
sugar changes are concerned. Further- 
more, the accumulation of citric acid in 
organs of mice given the endotoxin 
(Berry, Ehlers and Mitchell, 1954), evi- 
dence for a block in the tricarboxylic 
acid cycle, and the decrease in lactic 
acid content of tissues of certain organs 
(table 8) imply disturbances in carbo- 
hydrate utilization. Much work remains 
in this area, however, before a clear 
picture of the mode of action of the 
endotoxin emerges. However, a possible 
linkage between the biochemical effect 
of pathogenic bacteria and the mode of 
action of Kreb cycle inhibitors on the 
infectious process begins to emerge. 


SUMMARY 


1. Bacterial counts were made on the 
blood of groups of infected mice injected 
with one of the following: sodium malo- 
nate, 20 mg hourly for 8 injections 
(8X20 mg), sodium succinate (8X20 
mg), sodium citrate (8 X10 mg), and so- 
dium monofluoroacetate, 8 mg per kg 
for two injections, the second following 
the first by 6 hours. Control mice were 
given hourly injections of sterile saline 
for 8 injections. 

2. In control mice, the average num- 
ber of bacteria reached a peak value at 
7 hours postinfection (26,700 per ml of 
blood), dropped almost to zero at 12 
and 24 hours and then increased expo- 
nentially to 72 hours (406,000 per ml of 
blood), the time at which the first cas- 
ualties occurred. Mice given citrate be- 
haved similarly except that higher aver- 
age bacterial counts were obtained and 
deaths occurred earlier. Mice injected 
with the other compounds showed only 
a continuous increase in the severity of 
bacteremia during the first 12 to 24 
hours postinfection. Mice given malo- 
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nate had an average of more than 3 mil- 
lion bacteria per ml of blood by 9 hours 
postinfection, the maximum observed, 
and this was maintained until all mice 
were dead. Their average survival time 
was 14.8 hours. Mice given fluoroacetate 
showed the second largest average num- 
ber of bacteria (866,000) at 12 hours and 
those given succinate were next. Aver- 
age survival time appears to be in- 
versely related to the average peak 
number of bacteria which appears in 
the blood during the first 12 hours post- 
infection, 

3. Blood sugar concentration in mice 
injected with about 1 billion heat- 
killed Salmonella typhimurium rises dur- 
ing the first hour and then drops within 
about 6 hours to a hypoglycemic level 
that remains unchanged for the next 
12 hours. Comparable hypoglycemia 
was obtained in mice after 20 hours of 
starvation (about 60 mg%). Injections 
of malenate into such mice (or normal 
mice) produced no further changes in 
blood sugar, but when they were made 
into mice previously inoculated with the 
killed bacteria, there was an additional 
crop in blood sugar which terminated in 
hypoglycemic convulsions and death. 
Similar effects followed arsenite injec- 
tions and, to a lesser extent, fluoroace- 
tate, but succinate and citrate had little 
influence on blood sugar concentration 
under these conditions. 

4. Nine mice injected with heat- 
killed bacteria followed 17 hours later 
with hourly injections of malonate were 
all dead by the 3rd hour and 8 were dead 
after 13 hours, when glucose was in- 
jected along with the malonate; all of 9 
mice were alive after 1} hours; and 4 
were alive after 3 hours. Glucose, there- 


fore, has a protective action for these 
mice. 


5. Injections of heat-killed bacteria in 
mice result in a statistically significant 
decrease after 17 hours in the lactic acid 
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content of duodenum, kidney, heart, 
and liver but no change in that of blood 
or spleen. The maximum significant 
change was in the duodenum and the 
minimum in the liver. 
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CEREBROSPINAL NEMATODIASIS AS A PROVOKING FACTOR IN 
JAPANESE B ENCEPHALITIS: AN EXPERIMENTAL APPROACH 


HIROSHI MOCHIZUKI, TAMOTSU TOMIMURA, AND TAKENORI OKA 
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Osaka, Japan 


The various studies which have led 
to a better understanding of the nature 
and cause of cerebrospinal nematodiasis 
of domesticated animals have been re- 
viewed in the English language by Innes 
and Shoho (1952 and 1953). The name 
cerebrospinal nematodiasis was used by 
them to designate a form of acute or sub- 
acute neuroparalysis in sheep, goats, 
and horses which has occurred season- 
ally in the Far East for many years, and 
where it was commonly known as lum- 
bar paralysis. The main thesis regarding 
causation by nematodes, belonging to 
the species Sefaria digitata, stemmed 
from the original investigations of Jap- 
anese workers of the Korean Research 
Committee on Ovine Lumbar Paralysis 
(1939-1944). The disease is now defined 
pathologically as a focal form of enceph- 
alo- or myelo-malacia, with at least some 
degree of concomitant eosinophilic men- 
ingitis, caused by the trauma of a wan- 
dering worm (S. digitata), introduced 
into horses, sheep, and goats as infective 
larvae by mosquitoes. 

Innes and Shoho discussed further 
(a) clinically inapparent, or masked, 
helminthic invasion of the nervous sys- 
tem, (b) the possibility of helminthic 
migration, facilitating or activating 
virus infection of the nervous system 
which otherwise might remain latent, 
and (c) the problem of dual virus and 
helminthic infections. These specula- 
tions were linked with comparable ones 
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of Beautyman and Woolf (1951), who 
noted the association of an ascarid larva 
in the basal ganglia, along with anterior 
poliomyelitis of the brain stem in a 
child, and in which any neurological 
signs that might have been referred to 
the ascarid were entirely masked by the 
viral infection. Findlay and Howard 
(1950) have dealt with the precipitation 
of anterior poliomyelitis by nonspecific 
stimuli. Sugawa, Mochizuki, and Yam- 
amoto (1949), during the recent epi- 
demic years of Japanese B encephalitis 
(1947-1948), observed lesions of nema- 
todal encephalomalacia in the brains of 
4 out of 69 horses which had been diag- 
nosed as cases of virus encephalitis. This 
might not have been a true index of the 
incidence of the former (or both to- 
gether), for the study was not carried 
out with nematodiasis in mind, nor was 
the examination of the brains made be- 
yond routine limits. 

On the basis of the above field studies 
of the natural disease in animals, a 
clear-cut satisfactory elucidation of pos- 
sible interrelationships between two 
separate entities (cerebrospinal nema- 
todiasis and any of the virus encephali- 
tides) might not be obtainable for vari- 
ous reasons. (1) As the malacic lesions 
of the former are usually localized and 
might be of very small dimensions, they 
could be easily overlooked, especially 
when dealing with the large brains of 
horses. (2) In the case of Japanese B en- 
cephalitis the lesions are often dissemi- 
nated throughout brain and cord, al- 
though there is some predilection for 
midbrain and hindbrain (Sugawa et al, 
1949); consequently, it would also be 
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difficult to determine the initial foci of 
entry. (3) Tanaka et al (1945) observed 
malacic lesions of nematodiasis in the 
brains of 9 out of 100 horses. These ani- 


mals had been used for serum produc- 


tion and had shown no signs of neuro- 
logical disorder whatsoever during life. 
(4) In Japanese B encephalitis of both 
man and animals, clinically silent or 
masked forms of infection are also well 
known to occur, and this same phenom- 
enon might occur in other neurotropic 
virus infections. 

Without 


proach, perhaps no lucid answer may be 


some experimental  ap- 
possible. Our paper thus deals with stud- 
ies planned with and 


mainly to determine whether the bal- 


this in mind, 
ance between subclinical and fulminat- 
ing Japanese B encephalitis (in experi- 
mental mice) could be tipped in favor 
of the latter by a prior migration of hel- 
minthic larvae into the nervous system. 


MATERIAL AND METHODS 


The Nakayama strain of Japanese B encepha- 
litis virus was used in all experiments, this strain 
having been isolated in Tokyo by Kasahara et al 
in 1935, and since maintained by intracerebral 
mouse passage. As adult mice are fairly resistant 
to this strain by extracerebral inoculation (Tsu- 
bahara et al, 1951), it was appropriate for use in 
the specific experiments planned, and reported 
here. 

Virus suspensions were prepared from experi- 
mentally infected mouse brain; the tissues were 
homogenized and the suspension centrifuged for 
15 minutes at 2000 r.p.m. to eliminate larger tis- 
sues particles. The subcutaneous method of inoc- 
ulation of virus was used, as it was known to 
produce subclinical infections in mice. 

Toxocara canis was chosen as the parasitic pro- 
voking factor. Larvae of this parasite have been 
shown to localize in the brain of experimental 
first by Fiilleborn (1921) and Yokogawa 
(1923), and later by Tiner (1953a) and Sprent 


mice, 


(1953). This same nematode is of current interest 
because of possible participation in production of 
chronic eosinophilia in children (abnormal hosts) 
due to visceral larva migrans (Beaver et al, 
1952). Eggs were obtained from the uteri of the 
worms, and cultured in moist animal charcoal for 
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approximately 3 weeks at room temperature in 
the warm season, before being administered. The 
embryonated eggs in appropriate dilutions were 
then given to mice through fine plastic tubes di- 
rectly into the stomach. 

The mice used were 7 to 11 g in body weight. 
They were inoculated subcutaneously with 0.3 
ml of virus suspension of serial decimal dilutions, 
3 to 4 days after the administration of the worm 
eggs. The animals were observed for the following 
10 days. From mice which died, or which were 
killed when moribund, the brains were taken out, 
were cut longitudinally, and one-half of each was 
fixed in 10% hot formalin for histological work. 
The remaining halves were cut and examined for 
a count of the larvae, which had migrated into 
the central nervous system, by pressing a slice 
between slide and cover glass. In some cases, 
virus was re-identified by intracerebral inocula- 
tion into other mice. All surviving mice in the 
different experimental groups were killed 10 days 
after virus inoculation, and the brains examined 
as described. 


RESULTS 


According to Yokogawa (1923), the 
clinical signs in mice of intracerebral 
migration of 7. canis larva are hemopty- 
sis, paresis, hemiplegia and circling, with 
death occurring 3 to 6 days after feeding 
the embryonated eggs (the number of 
the latter given not being designated). 
Tiner (1953a), however, reported that 
the mere feeding of an indeterminate 
number of 7. canis eggs did not ordi- 
narily kill mice, and the maximum length 
of this kind of larvae in the experimental 
rodent than 0.5 mm. 
Sprent (1953) also showed that more 


brain was less 
than 100 7. canis larvae could be demon- 
to 6 


months after the feeding of eggs, and 


strated in the mouse brain for 1 


without production of notable signs of 
neurological disorder. Before starting 
our main experiment some preliminary 
work was done with over 30 mice along 
the same lines. It was also found by us 
that mice showed no obvious signs of 
nervous disturbance after feeding less 
than 2000 ascaris eggs. Depression and 
inappetence only were noticed, but in- 
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FIG. iF 


9 1/0 


Photograph of brains of mice which had received (a) 5000, (b) 3000, (c) 2000, and (d) 500 
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embryonated eggs of T. canis. The extent of meningeal hemorrhage parallels the number of eggs given. 


Brains labelled a were from mice which died in 4 days; the remaining 6 brains, 6, c, d, in this photo 
were from mice killed 6 days after feeding eggs. 


tracerebral hemorrhage, if it did occur, 
resulted rarely in death. By feeding 
more than 2000 eggs, however, tachyp- 
nea, paresis, and death occurred more 
frequently, especially in young mice, 
from 1 to 6 days after feeding eggs, and 
apparently was attributable to severe 
hemorrhage in the lungs and brain (fig. 
1). Cerebral the larvae 
causing meningeal hemorrhage began 
in mice between 2 to 3 days after feeding 
the eggs. The hemorrhage became a pro- 
nounced finding at the 4 to 9 day period, 
and if the mice lived longer, showed as 


migration of 


brownish spots of meningeal hemosider- 
osis. Macroscopically visible meningeal 
hemorrhage was moderate in its extent 
after the feeding of about 2000 eggs, was 
slight after only 1000 eggs, and was 
mostly absent when less than 500 eggs 
were fed to the experimental mice. Five 


- 


to ten percent of the larvae hatching 
from the 
brain, and encapsulated larvae were 
first observed on the 11th day. This find- 
ing virtually duplicates that of Sprent 
(1952), who observed them in subcu- 
taneous tissue initially on the 12th day. 

Experiment 1. 
fed about 2000 embryonated eggs; 15 


the eggs generally reached 


Nineteen mice were 
another 10 
treated mice were then inoculated sub- 


cutaneously with virus suspension 4 


of these animals and un- 


days later. The results obtained are 
shown in figures 2 and 3. A clear and 
significant difference in mortality was 
observed between the two groups of 
mice. 
Experiment 2.—Twenty mice were 
fed about 2000 embryonated eggs, 10 
with about 1000 eggs, and 10 with about 


500; they were all inoculated with virus 
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Fic. 2,—Result of experiment 1. 


Black circle—died or killed in extremis, fatal nervous signs. Half black circle—killed, moderate 


nervous signs. Bisected circle 


killed, after recovering from slight nervous signs. White circle— 


killed, no signs. Circle with cross—died, no encephalitis. Numerals under the circle marks indicate 
days died or killed after virus inoculation, and those in brackets after feeding of eggs. TCE—embry- 


onated eggs of T. canis. * 


suspension 3 days later. Ten control 
mice, not fed with eggs, were inoculated 
subcutaneously, and another 20 un- 
treated animals intracerebrally, with 
virus. The results are shown in figures 
4 and 5. A tangible result was obtained 
even in the group of mice which had re- 
ceived only 500 eggs, and which later at 
autopsy showed only very slight men- 
ingeal hemorrhage. The detailed patho- 
logical findings will be reported later. 
All mice in experiment 2 which had died, 


—recovery of virus was successfully tried by intracerebral inoculation into mice. 


or had been killed in extremis, except 
accidental deaths, showed typical viral 
encephalitic lesions. Many of the sur- 
vivors, which received both virus inocu- 
lation and feeding of eggs, showed mod- 
erate lesions of encephalitis, while al- 
most all survivors which had received 
only virus suspension showed very few 
or no lesions of encephalitis. 


DISCUSSION 


The results tabulated above demon- 
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Fic. 3.—Diagram of brain, showing extent of meningeal hemorrhage and hemosiderosis in experi- 


ment 1, 


Numerals indicate number of ascarid larvae found in one side of brain. Brains within thick line cor- 
respond to black circle, and in broken line to circle with cross in figure 2. 
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Fig. 4.—Result of experiment 2. 
See explanation of figure 2. 


strate (a) as indicated by the work of might otherwise have evoked only a 
Tiner and of Sprent, if embryonated T. masked noncerebral form. The provoca- 
canis eggs are fed to abnormal hosts tion presumably then could be caused 
(mice), larvae hatch and migrate from by the larvae destroying the blood- 
the intestine to the nervous system, but brain barrier, or by creating a malacic 
unless large numbers of larvae migrate, focus facilitating the entry of the virus 
they will not produce nervous signs, le- for its localization and propagation. 
sions and cause death, at least withina Further experiments appear necessary 
few days; (b) the strain of Japanese en- to decide whether there exist other rea- 
cephalitis virus used, when inoculated sons for this apparent pathogenic ad- 
subcutaneously at certain serial dilu- juvancy of virus and helminthic larvae, 
tions, is not pathogenic in mice to the in the production of disease of the ner- 
extent of causing acute fatal encephali- vous system. From the experiments 
is; (c) when sufficient embryonated _ there certainly appears to be some direct 
eggs are fed to mice 3 to 4 days before evidenc-: supporting the speculations of 
subcutaneous virus inoculation, then a Beautyman and Woolf (1951) and of 
very significant number of the experi- Innes and Shoho (1952 and 1953) along 
mental animals die from acute virus en- this line of thought. Sabin, Ginder, and 
cephalitis in a few days. Consequently, Matumoto (1947) also mooted the prob- 
it is reasonable to deduce that the migra- ability of some intermediate arthropod- 
tion of larvae into the brain of mice will helminthic hosts for Japanese B virus 
activate or exacerbate an acute enceph- being concerned in the epidemiology of 
alitis by a later virus inoculation, which Japanese B encephalitis in man. 
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Fic. 5.—Extent of meningeal hemorrhage and hemosiderosis in experiment 2. 


See explanation of figure 3. 


No evidence for a concomitant virus, 
or other transmissible agent, was 
brought out in studies of ascarid larvae 
in rodents by Tiner (1953 a and b) and 
by Sprent (1952, 1953). Cerebrospinal 
ascariasis, which results from these lar- 
vae in the central nervous system, ap- 
parently serves to increase the prob- 
ability that infected intermediate hosts 
(rodents) will be caught by appropriate 
final hosts, which are such carnivores as 
raccoons and badgers. By infecting mice 
with large numbers of larvae of the 
skunk ascarid (Ascaris columnaris), 
Sprent verified that they are also patho- 
genic in the nervous system, but only 
after about 17 days. This interval con- 
stitutes sufficient time for skunk ascarid 
larvae to grow to a length of 1 mm (Ti- 
ner, 1953). As a further contention 
against the presence of a virus, Tiner 
(correspondence, 1953) informs us that 


there was no fever accompanying the 
onset of final unconsciousness in 3 ex- 
perimental rabbits infected with raccoon 
ascarid larvae in the brain. Histologic 
studies, if made, would be helpful to 
understand the pathogenesis of cere- 
brospinal ascariasis. 

The relationship of T. canis larvae 
to the provocation of experimental Jap- 
anese B encephalitis in mice in these stu- 
dies, must be different from that known 
in the case of swine lungworm to swine 
influenza (Shope, 1941) or from that of 
Trichinella spiralis to lymphocytic chor- 
iomeningitis (Syverton et al 1947). The 
pathogenic viruses causally related to 
these two distinct diseases are carried 
in a masked form by the associated 
worms throughout their life cycle. Yet, 
the potential role of T. canis in a parallel 
connection should not be underesti- 
mated, merely because apparently they 
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do not carry Japanese encephalitis virus, 
and so would not play any role as reser- 
voirs of infection. T'wo thousand or even 
500 ascarid larvae constitute a large 
dose of migrating worms in an animal 
as small as a mouse. Further experi- 
ments would be useful in determining 
whether the ascarid larvae evoked the 
virus encephalitis by causing shock or 
intracranial hemorrhages, or through 
some other mechanism. Some possible 
implications are contained in the paper 
of Findlay and Howard (1950), which 
discusses the appearance of poliomyeli- 
tis in man following such nonspecific 
stimuli as immunization against other 
diseases. Innes (personal correspond- 
ence) suggests that the same experi- 
mental approach might be used in con- 
nection with other viruses, which ordi- 
narily only produce visceral systemic in- 
fection, yet under unpredictable circum- 
stances become neurotropic and cause 
fatal acute encephalomyelitis, e.g. ca- 
nine distemper and canine hepatitis, and 
their sometime-associated encephalitis. 


CONCLUSIONS 


1. Migration of Toxocara canis larvae 
to the brain of mice was demonstrated 
to be effective in initiating conditions 
which facilitated the localization of the 
virus of Japanese B encephalitis in the 
nervous system when the latter was in- 
oculated subcutaneously 3 to 4 days af- 
ter the worm eggs had been fed by stom- 
ach tube. Alone, the strain of virus used 
had relatively little pathogenic effect on 
the brain when it was injected subcu- 
taneously. 

2. The provocation of the virus en- 
cephalitis might seem to be caused by 
destruction of the blood-brain barrier 
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by the prior intracerebral migration of 
the nematode larvae. 

3. These results give some support to 
the speculations made by others on the 
potential adjuvancy of helminthic and 
virus infections and with specific refer- 
ence to cerebrospinal nematodiasis and 
Japanese B encephalitis in animals. 
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HOST FACTORS IN EXPERIMENTAL GROUP A 
STREPTOCOCCAL INFECTIONS 
THE ROLE OF TISSUE THROMBOPLASTIN 
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Intensive study of in vitro-grown 
group A streptococci has resulted in the 
identification of a large number of pro- 
ducts, many of which undoubtedly play 
some part in the pathogenesis of infec- 
tion caused by this group of organisms. 
There is, however, no single factor or 
combinations of factors which can ac- 
count for the great variety of tissue 
changes induced by these bacteria! ”. 

in a study of in vivo-grown Bacillus 
anthracis, Watson et al* reported that 
the organisms had a different metabo- 
lism than those grown in vitro; condi- 
tions found in the host resulted in the 


production of new factors which played 
a role in this infection. In addition, host- 


factors isolated from the tissue were 
thought to be produced as a result of 
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host-parasite interaction and thereby 
play a significant role in the disease pro- 
cess.4 

Inarecent and similar study, group A 
streptococci were grown in an in vivo 
environment with the object of finding 
streptococcal factors of importance in 
the pathogenesis of this infection as well 
as host products which may contribute 
to the disease picture. A streptococcal 
product present in the experimental le- 
sion was the subject of a previous re- 
port. Cromartie and Watson*’ have 
reported that extracts of the experi- 
mental streptococcal lesions in rabbit 
skin contained a product of the host- 
tissue which was toxic for mice and rab- 
bits upon intravenous injection. The 
rapid death and symptoms of the an- 
imals suggested that the toxic factor was 
tissue thromboplastin similar to that re- 
ported by Thomas.*® Indirect evidence 


4. Bloom, W. L., Watson, D. W., Cromartie, 
W. J. and Freed, M. 1947, Studies on infection 
with Bacillus anthracis. 1V. Preparation and 
characterization of an anthracidal substance 
from various animal tissues. ]. Infect. Dis. 80: 
41-52. 

5. Schwab, J. H., Watson, D. W. and Cromartie, 
W. J. 1953, Production of generalized Shwartz- 
man reaction with group A streptococcal fac- 
tors. Proc. Soc. Exper. Biol. & Med. 82: 754- 
761. 

. Cromartie, W. J. and Watson, D. W. 1951, 
Toxic materials extracted from streptococcal 
skin lesions. Federation Proc. 10: no. 1, part 1. 

. Watson, D. W. and Cromartie, W. J. 1951, 
Tissue factors in streptococcal infections, In 
L. Thomas, Rheumatic Fever, A Symposium, 
Minneapolis, Univ. Minn. Press, pp. 190-204. 

. Thomas, L. 1947, Studies on the intravascular 
thromboplastic effect of tissue suspensions in 
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involving protection of animals by pre- 
treatment with heparin, enhancement 
of the lethal effect by previous injection 
of toluidine blue, a refractive state in- 
duced by a sublethal dose, and de- 
creased clotting time of plasma as de- 
termined by both the one and two stage 
techniques, indicated that the material 
was of a thromboplastin nature.’ It was 
also demonstrated that the streptococci 
in the lesion extract possessed an in- 
creased virulence for mice and rabbits, 
and it was suggested that this might in 
part be accounted for by an association 
of the streptococci with some factor in 
the lesion extract such as the thrombo- 
plastic material. 

This paper is concerned with the 
isolation and identification of this host- 
factor present in the experimental lesion 
and the evaluation of its role in the en- 
hancement of group A streptococcal in- 
fections. 


MATERIALS AND METHODS 


Streptococcal skin lesion extract.—The prepara- 
tion and extraction of the lesion extract has been 
described previously.’ Briefly, the technique 
consists of intracutaneous injection of 30 ml of an 
18-hour Todd-Hewitt broth culture of group A 
streptococci in about 80 sites over the shaved ab- 
domen and thorax of a 2 kg New Zealand white 
rabbit. Type 28 was used in the experiments re- 
ported here. The moribund animals were killed 
18 hours after injection of the streptococci, the 
lesion ground in a meat grinder and extracted 
overnight at 2 C by stirring with 1 to 2 ml of 
saline per gram of tissue. It was then filtered 
through gauze, centrifuged for 1 hour in the cold 
at 4000 r.p.m., and filtered through Selas 10, 01, 
and 02 filters. The thromboplastin or “toxin” 
could be precipitated in the euglobulin fraction 
by dialysis of the extract against distilled water. 
To obtain the tissue thromboplastin or ‘‘toxin”’ 
in a more purified form, the extract was centri- 
fuged for 1 hour in the Spinco 40 head at 40,000 





injections of a sedimentable tissue component. 
II. A factor in normal rabbit serum which in- 
hibits the thromboplastic effect of the sedi- 
mentable component. Bull. Johns Hopkins 
Hosp. 81: 1-42. 


r.p.m. (145,000 G), and the sediment resuspended 
in borate buffer pH 8.3 and L/2 of 0.15. To obtain 
a more purified product, the centrifugation pro- 
cedure was repeated twice. 

Normal skin extract——Sterile broth was in- 
jected intracutaneously in place of the strepto- 
coccal culture. The skin was then excised and 
treated exactly as the streptococcal lesion extract, 
with the exception that after grinding and the 
addition of saline it was then subjected to sonic 
disintegration for 30 minutes ina Raytheon 9 KC. 
oscillator. 

One-stage clotting time determination.—The 
method described by Quick® was followed. Rabbit 
plasma was obtained by adding 1.0 ml of 0.1 M 
sodium oxalate to 9.0 ml of blood. One-tenth ml 
of plasma with 0.1 ml of the extract were mixed 
in an 8X75 mm tube and placed in a 30 C water 
bath. The reaction was timed from the addition 
of 0.1 ml of a 0.2 M solution of calcium chloride. 
All reagents were allowed to equilibrate at bath 
temperature before use. The tubes were tipped 
gently at 10-second intervals and the end point 
determined by the observation of a solid clot. A 
clotting unit is defined as the smallest amount re- 
quired to give a clotting time of at least 20 sec- 
onds less than the control. 

Titration of lethal activity of skin extracts —The 
MLD of an extract is the minimum volume which 
will kill at least 80% of the mice upon intra- 
venous injection. The animals usually died within 
30 seconds to 2 minutes. A comparison of lethal 
activity was made on the basis of the total num- 
ber of MLD’s present in each extract. For this 
reason comparable skin areas were always re- 
moved from rabbits of the same age and weight. 


RESULTS 


The most active toxic material was 
isolated by high speed differential cen- 
trifugation similar to the technique used 
by Chargaff'® to isolate thromboplastin 
from beef lung. This technique is de- 
scribed under methods. An electro- 
phoretic analysis of the purified mate- 
rial was made in veronal buffer pH 8.6 


9. Quick, A. J. 1935, The prothrombin in hemo- 
philia and in obstructive jaundice. J. Biol. 
Chem. 109: Proceedings, Ixxiii—Ixxiv. 

10. Chargaff, E., Moore, D. H. and Bendich, A. 
1942, Ultracentrifugal isolation from lung 
tissue of a macromolecular protein compo- 
nent with thromboplastic properties. J. Biol. 
Chem. 145: 593-603. 
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and L/2 of 0.1. Only one boundary was 
observed and this had a mobility of 8.1 
xX 10-5 cm?/v/sec. To identify further 
and to determine the purity of this pro- 
duct, an analysis of the lipid phosphor- 
ous and total nitrogen was carried out. 
The lipid phosphorus was extracted by 
the method of Bloor" and quantitated 
by the technique described by Boyd.” 
Total nitrogen was determined by the 
Kjeldahl method. The average ratio of 
nitrogen to lipid phosphorus was 12.4 
for the material obtained from the 
streptococcal lesion and 14.5 for that 
isolated from normal control skin. These 
values are close to those reported by 
Chargaff'® for tissue thromboplastin. 
These results identify the toxic mate- 
rial occurring in the streptococcal lesion 
as thromboplastin. As indicated above, 
this material is present in normal as well 
as the infected tissue. Several experi- 
ments were performed to demonstrate 
if there were any quantitative or phys- 
ical difference between the materials ob- 
tained from the two sources. In prepar- 
ing these extracts 4 rabbits of the same 
age and weight (2 kg) were used. Two 
received 30 ml each of an 18-hour Todd- 
Hewitt broth culture of type 28 group A 
streptococci. The other two received an 
equal volume of the sterile broth. After 
16 hours the rabbits were killed and the 
skin removed and extracted as usual. 
The extracts were divided into 2 lots 
and centrifuged in the Spinco 30 head 
for one-half hour. One lot was spun at 
12,000 r.p.m. (17,000 G) and the other 
at 25,000 r.p.m. (73,000 G). The super- 
natant fluid in each case was injected 
intravenously into mice. Table one sum- 
marizes the results of a typical experi- 
ment. As this experiment indicates, 
there is initially a slightly greater activ- 


11. Bloor, W. R. 1943, Biochemistry of Fatty 
Acids, New York, Reinhold Publishing Corp. 

12. Boyd, E. M. 1936, The extraction of blood 
lipids. J. Biol. Chem. 114: 223-234. 
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ity in the normal tissue extract, as 
shown by the fact that after centrifug- 
ing at 12,000 r.p.m. there are a total of 
430 MLD’s in the normal extract super- 
natant compared with 328 in the lesion 
extract. However, after centrifuging at 
25,000 r.p.m. it is observed that about 
twice as much activity remains in the 
streptococcal lesion extract supernatant. 
Evidently any injury of the host cells 
results in the release of this material. 
The destruction of cells by the strepto- 
cocci and release of this factor is sim- 
ulated by the grinding and stirring of 
normal tissue. However, the active 
materials obtained from the two 
sources, which are similar electrophoret- 
ically and in chemical constitution as 
well as biological activity, differ with 
respect to sedimentation rates. The ac- 
tive fraction seems to consist of large 
molecules whose sedimentation rates 
vary in a continuous scale from those 
sedimenting at 20,000 G to those sedi- 
menting only at 140,000 G. The mate- 
rial obtained from the normal skin has 
more of its activity sedimented at 
20,000 G and that obtained from the 
streptococcal lesion contains more of the 
molecules of lower molecular weight. 
This host material is present in an ac- 
tive form in the lesion and is not an arti- 
fact resulting from the mechanical de- 
struction of the tissue. This is indicated 
by the fact that the active material 
could be found in the edema fluid which 
was allowed to drain off the cut skin 
with no pressure applied. In this experi- 


TABLE 1.—Comparative sedimentation of thrombo- 
plastin in lesion extract and normal skin extract. 








‘Total number of mouse 


MLD 's in extract Total number 


of clotting 
units in 
supernatant 
at 25,000 
r.p.m, 





Preparation Super- 
natant 
12,000 


r.p.m, 


Super- 
natant 
25,000 
r.p.m. 


Lesion extract 328 272 





14,400 


Normal skin 


extract 430 143 8 ,400 
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ment 30 ml of edema fluid was collected 
from 3 rabbits injected in the usual 
manner with type 28 streptococci. It 
was centrifuged at 30,000 r.p.m. for 4 
hour and the euglobulin fraction pre- 
cipitated upon dialysis of the superna- 
tant against distilled water was resus- 
pended in 5.0 ml of buffered saline. In- 
travenous injection of 0.2 ml of this 
suspension killed 6 out of 6 mice. Pre- 
vious intravenous administration of 0.1 
mg of heparin resulted in none out of 6 
killed. 

To substantiate further the observa- 
tion that this material is present in an 
active form in the streptococcal lesion, 
the following experiment was _per- 
formed. Two rabbits of the same age 
and weight were used. One was injected 
intradermally with 30 ml of an 18-hour 
broth culture of type 28 streptococci. 
The second animal was injected with 
sterile broth. After 17 hours the animals 
were killed and the skin removed and 
cut into 3 inch squares. The cut skin 
was allowed to infuse overnight with 
occasional stirring in 60 ml of saline. 
These extracts were then filtered 
gauze, centrifuged at 4000 
r.p.m. for } hour and filtered through a 
Selas bacterial filter. Neither the lesion 
extract nor the normal skin extract was 
lethal for mice upon intravenous injec- 
tion. By the one-stage in vitro clotting 
technique a considerable difference in 
activity could be demonstrated. Table 
2 shows these results. These extracts 
were then concentrated by lyophiliza- 


through 


TABLE 2.—Relative clotting activity and lethal effect 


of thromboplastin present in infusion extracts of the 
streptococcal lesion and normal skin. 


Total clotting 
units in 
extract 


Preparation MLD in 
mice 
Streptococcal lesion 


extract 4000 12 


Normal skin extract 700 0 


_* Total number of MLD’s present in the whole extract 
after concentration. 
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tion, resuspended in 5.0 ml of distilled 
water, and dialyzed against 1.0% saline. 
Upon intravenous injection into mice 
the usual lethal effect of the extract 
could be observed with 0.5 ml of the 
streptococcal extract but not with 1.0 
ml of the normal tissue extract. These 
experiments indicate that the lethal 
factor, or thromboplastin, in the lesion 
extract is released in response to injury 
by the streptococci. 

We next wished to determine if this 
host factor present in the streptococcal 
lesion contributed to the infectious proc- 
ess. As noted above, infection of rab- 
bits occurred much more readily and 
endocarditis was more frequently ob- 
served with organisms obtained from 
the skin lesions than with in vitro- 
grown cultures of group A streptococci. 
It is conceivable that the thromboplas- 
tin, coexisting with the streptococci, 
produces a protective fibrin network 
around the organisms, allowing them to 
establish an infection. This could, in 
part, account for the apparent increased 
virulence of streptococci obtained from 
the skin lesions. 

The following experiment was _ per- 
formed to test this hypothesis. White 
mice were injected intraperitoneally 
with 0.1 ml of a 24-hour broth culture of 
group A streptococci which had been 
mixed with 0.1 ml of the thromboplastin 
isolated from the lesion extract. This 
volume contained 4 mouse MLD’s. A 
control group received the same culture 
of organisms with saline. A second con- 
trol group received thromboplastin with 
saline. A comparison of the accumula- 
tive percent deaths seen in figure 1 dem- 
onstrates that the virulence of the or- 
ganisms was definitely increased when 
they were associated with the thrombo- 
plastin. These results are a summary of 
5 experiments with a total of 45 mice in 
each group. To confirm the fact that the 
mice were dying from a streptococcal 
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Comparative virulence of group A 
when saline and 
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infection, representative animals dying 
in each group were examined for the 
presence of streptococci. Impression 
smears of the spleen, as well as blood 
agar plates streaked with spleen and 
heart blood, revealed a large number of 
streptococci present in the tissue. 

An additional control was run to de- 
termine if the enhancement of the viru- 
lence was due to the clotting activity 
of the thromboplastin or merely to the 
presence of protein vehicle. This con- 
sisted of a third group of mice which 
were injected with the thromboplastin 
and organisms with an amount of he- 
parin (0.2 mg) which was found to neu- 
tralize the thromboplastin activity. 
Figure 2 indicates that the effectiveness 
of the thromboplastin in enhancing the 
virulence was almost completely neu- 
tralized by the heparin. 

Menkin"™:* has worked extensively 


13. Menkin, V. 1943, Chemical basis of injury in 
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Fic. 2.—-Neutralization of the virulence en- 
hancing property of thromboplastin by heparin as 
manifested by the intraperitoneal injection with 
group A streptococci in mice. 
plastin; s 


--- saline. 


thrombo- 


thromboplastin and 


heparin; 


with inflammatory exudates produced 
with sterile irritants such as turpentine. 
One of the factors which he isolated, 
termed necrosin, has the property of 
producing inflammation and _ necrosis 
as well as lymphatic blockade. Some of 
the properties of necrosin resemble those 
of the toxic material in the lesion extract 
which we have determined to be tissue 
thromboplastin. The thromboplastin 
isolated from a skin lesion and bovine 
hemoglobin used as a control were di- 
luted to contain 6.3 mg of nitrogen per 
ml, and 0.5 ml of each was injected in- 
tradermally into the abdominal skin of 
a rabbit. The thromboplastin gave a 
reaction similar to that described by 


Menkin® as typically produced by 


necrosin. Edema, erythema and _in- 


inflammation. Arch. Path. 36: 269-288. 

14. Menkin, V. 1950, Newer Concepts of In- 
flammation, Springfield, Ill., Charles C 
Thomas. 

15. Menkin, V. 1950, Presence of a necrosin-like 
fraction in the extracts of injured tissue. 
Proc. Soc. Exper. Biol, & Med. 75: 350-352. 





272 


duration were observed. Tissue sections 
infiltration of 
nuclear leukocytes. 
According to Menkin" the best crite- 
rion for necrosin is the ability to produce 
a lymphatic blockade. The thrombo- 
plastin was isolated from two strepto- 


revealed polymorpho- 


coccal lesion extracts and one normal 
skin extract by high speed centrifuga- 
tion, and resuspended in the borate buf- 
fer. The total nitrogen content of these 
suspensions varied from 1.5 to 2.1 mg 
per ml; the protein concentration was 
thus calculated to be approximately 
1.5°%. Sterility was tested by streaking a 
blood agar plate. One ml was injected in- 
tradermally into the right foreleg of a 
rabbit, and after 3 hours edema and ery- 
thema were evident signs of inflamma- 
A small amount of the fluid was 
aspirated and streaked on blood agar 


tion. 


plates; no growth occurred after either 
aerobic or anaerobic incubation. A sim- 
ilar volume of normal rabbit serum was 
injected into the other foreleg and no 
evidence of inflammation resulted. 

After 6 hours in the first experiment 
and 24 hours in the second and third 
experiments, 0.5 ml of 1.0% trypan blue 
was injected into the area of inflamma- 
tion. Within 2 hours the trypan blue 
had spread diffusely in the control leg. 
Very little diffusion of the dye was ob- 
served in the inflamed leg. This com- 
parison is illustrated in A and B of figure 
3. The regional lymph nodes were re- 
moved to determine the difference in 
the amount of dye which had drained 
from the sites of injection. It was dif- 
ficult, with any 
accuracy the amount of dye which had 
reached the nodes. 


however, to assess 


These results indicate that the necro- 
sin described by Menkin may be a large 
lipoprotein molecule with thromboplas- 
tic activity or at least associated with 
such a molecule. Menkin has published 


16. Menkin, V. Personal communication. 
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Fic. 3.—A. Left foreleg of rabbit 1 hour after 
intradermal injection of 0.5 mi of 1.0% trypan 
blue. The dye was injected 24 hours after injec- 
tion of normal rabbit serum. B. Right foreleg of 
the same animal 1 hour after intradermal injec- 
tion of 0.5 ml of 1.0% trypan blue. The dye was 
injected 24 hours after injection of thromboplas- 
tin prepared from a streptococcal lesion extract. 


studies of 
determina- 
tions of nitrogen and phosphorus con- 
tent of the crude euglobulin fraction of 


chemical 
other than 


no physical or 


hecrosin some 


the exudate. Thus, no comparison can 
be made on this basis, although the 
following 


considered: 
both are precipitated at 33 to 50% satu- 
ration with ammonium sulfate and by 


points can be 
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dialysis against distilled water, and 


both can produce a necrotic process in 
the skin and a lymphatic blockade. 


DISCUSSION 


The toxic factor in the streptococcal 
lesion extract is a product of the host- 
tissue since a material with similar prop- 
erties is readily obtained from a normal 
skin extract, as well as from turpentine 
lesion extracts. These properties are 
similar to those of tissue thromboplastin 
as described by Chargaff!® and Thomas.® 
Isolation of the active factor was carried 
out by high speed differential centri- 
fugation, and it was found to have an 
electrophoretic mobility and chemical 
composition similar to that reported 
for purified tissue thromboplastin.'® 

The release of a material with similar 
properties from damaged tissue has been 
reported previously by Stoner and 
Green'? and Menkin®. Two experi- 
ments demonstrate that the thrombo- 
plastin is released in response to group 
A streptococcal infection and is present 
in an active form in the lesion rather 
than occurring as an artifact produced 
in the extraction process. These involve 
the demonstration of the thromboplas- 
tin in the edema fluid of the lesion be- 
fore any mechanical damage had oc- 
curred, and a comparison of the amount 
of thormboplastin obtained from a 
streptococcal lesion with that obtained 
from normal skin, both extracted with 
a minimum of mechanical damage. 

The virulence of streptococci for 
mice was enhanced by injecting them 
with the thromboplastic fraction from 
either normal or lesion extracts. This 
supports the hypothesis that the in- 
creased virulence and incidence of endo- 
carditis observed with organisms from 


17. Stoner, H. B. and Green, H. N. 1951, Bodily 
reactions to trauma. Further studies on the 
effect of ischemia on the clotting factor of 
muscle. Brit. J. Exper. Path. 32: 183-194. 
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the lesion extract is in part the result of 
the association of the streptococci 
with some material from the lesion. The 
virulence-increasing capacity of the 
thromboplastin could be inhibited by 
neutralization of the clot-promoting 
activity with heparin. 

These results are interesting in view 
of the work of Lampert and Richley,'® 
who demonstrated that the effect of 
mucin in aiding the infection of a Gram- 
negative organism such as Salmonella 
typhosa was due to the anticoagulant ac- 
tivity of its heparin-like component as 
well as some anticomplementary effect. 
In our experiments the heparin did not 
enhance the virulence of the Gram-posi- 
tive streptococci, but actually protected 
the animals against the additive effect of 
thromboplastin. 

Our findings are in agreement with 
the report of Evans, Miles and Niven,'® 
who found that localization of the in- 
vading organism enhances the infection 
and dispersion aids the host. They pro- 
duced an ischemia at the site of an in- 
fection by injection of adrenalin to pro- 
duce vasoconstriction. This prevented a 
dispersion of the organisms, which is 
evidently a better defense mechanism 
against some infections than localization, 
since, by this technique, they noted a 
considerable enhancement of the infec- 
tivity of certain Gram-positive rods. 

The relationship of thromboplastin to 
necrosin obtained by Menkin™-“ from 
inflammatory exudates is evident. The 
fact that they have similar solubility 
properties, the same lethal effect in 


18. Lambert, H. P. and Richley, J. 1952, The 
action of mucin in promoting infections: the 
anticomplementary effect of mucin extracts 
and certain other substances. Brit. J. Exper. 
Path. 33: 327-339. 

. Evans, D. G., Miles, A. A. and Niven, J. 
S. F. 1948, The enhancement of bacterial in- 
fection by adrenalin. Brit. J. Exper. Path. 
29: 20-39. 
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mice, and are comparable in the produc- 
tion of a lymphatic blockade indicates 
that necrosin is thromboplastin. 


SUMMARY 


A host factor which contributes to 
the disease process has been isolated 
from experimental group A streptococ- 
cal lesions. This factor, released by the 
host-tissue in response to the strepto- 
coccal injury, was identified as tissue 
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thromboplastin. It was shown to be 
present in an active form in the lesion 
and not produced as a result of mechan- 
ical damage to the tissue. The virulence 
of streptococci for mice was increased by 
injecting this host-factor (thromboplas- 
tin) with the organisms. The thrombo- 
plastin isolated from the streptococcal 
lesion has several properties in common 
with necrosin and it is suggested that 
they are identical. 
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The production -of fusospirochetal 
abscesses in guinea pigs with recom- 
bined mixtures of pure cultures isolated 
from the exudates was reported in the 
early literature by Kritchewski and 
Seguin (1920), Smith (1930),? and 
Proske and Sayers (1934). In these 
studies individual cultures were in- 
adequately identified and represented 
only a portion of the range of species re- 
coverable from fusospirocheta! infec- 
tions in the guinea pig. On the other 
hand, Rosebury and others*~* more re- 
cently reported failure in repeated at- 
tempts to produce typical transmissible 
subcutaneous fusospirochetal infections 
in guinea pigs with mixtures of pure cul- 
tures derived either from fusospirochetal 
infections in guinea pigs or from gingival 
and periodontal lesions in man which 
serve as source for experimental infec- 
tions in guinea pigs. These workers con- 
cluded that “the problem is more com- 
plex than would appear from the pub- 
lished record.’’* They suggested the fol- 
lowing possibilities to account for these 
failures: (a) the recombined cultures 
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were inadequately concentrated to pro- 
duce infections; (b) certain strains suf- 
fered a loss of virulence as a result of 
artificial cultivation or prolonged han- 
dling; (c) mutual antagonism existed be- 
tween certain of the cultured strains; 
(d) a virus or comparable agent was re- 
sponsible for or contributed to the 
pathogenicity; (e) all the essential or- 
ganisms were not cultivated; or (f) loss 
of viability of certain strains occurred 
during the process of recombination. Of 
these possibilities, ail but the last two 
were convincingly disposed of by the 
experimental procedures. The possibil- 
ity that some essential organism or or- 
ganisms could not be cultivated could 
not be satisfactorily eliminated. How- 
ever, evidence was presented indicating 
that (a) all the essential organisms could 
be cultivated as a mixture on artificial 
mediums through at least ten passages, 
and (b) all the morphologic forms ap- 
pearing in exudate were recovered in 
pure cultures. 

The results of these attempts to re- 
combine organisms isolated from guinea 
pig fusospirochetal exudate did not pro- 
vide evidence that all cultures grew in 
the recombined mixtures. The technique 
of recombination consisted of pooling 
one drop of centrifuged sediment of each 
strain to provide several different com- 
binations of organisms. These pools 
were then inoculated as unstreaked 
drops on blood agar plates or into the 
well of spirochete cup plates.? This pro- 


7. Rosebury, T., Macdonald, J. B., Ellison, S. A. 
and Engel, S. G. 1951, Oral Surg., Oral Med. & 
Oral Path. 41: 68-85. 
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did not disclose whether the 
strains in each recombination mixture 
all grew. In a previous experiment? re- 
suspended sediments from centrifuged 
cultures were combined quantitatively 
(according to the proportions of the 
various forms in exudate) and inoc- 
ulated directly into guinea pigs without 
further cultivation. Emphasis was 
placed on maintenance of virulence, and 
to this end the earliest available pure 
culture of each strain was preserved in 
carbon dioxide ice until used in all these 
recombination experiments. This pro- 
cedure apparently was not necessary be- 
cause mixed material was later shown to 
suffer no loss in virulence on repeated 
subculture. 

The present report deals with success- 
ful attempts to reproduce fusospiroche- 
tal infection in guinea pigs with mix- 
tures of pure cultures. It differs from 
the studies reported by Rosebury and 


cedure 


his coworkers** in that particular at- 
tention was given to the problem of 
assuring viability of strains at the time 
of recombination. 


[. INITIATION OF GUINEA PIG INFEC- 
TION AND ISOLATION OF STRAINS 


Procedure 


The source of material for guinea pig inocula- 
tions was the mouth of a 68-year old patient (HG) 
with a clinical diagnosis of hypertrophic gingi- 
vitis. Material from gingival crevices and perio- 
dontal pockets was collected with sterile scalers 
and suspended in 1 mi of Hartley broth.* Dark- 
field examination of this material disclosed a 
typical mixed oral flora as described elsewhere,’ 
including a variety of actively motile spirochetes, 
several forms of motile rods and spirilla, non- 
motile rods and filaments, some of which showed 
tapered ends, and numerous cocci. This suspen- 
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sion was inoculated subcutaneously in a dosage 
of 0.35 ml into the groin of 2 young adult guinea 
pigs. The tissues were deliberately traumatized 
with the needle at the time of inoculation. Pus 
aspirated on the 8th day from a 1-inch localized 
abscess of one of these animals was passed with- 
out trauma to 2 more guinea pigs in a dosage of 
0.1 ml. Repetition of this procedure through 4 
passages, accompanied each time by a darkfield 
examination of the pus and aerobic cultivation on 
sheep blood agar, resulted in the development of 
an exudate from which only 2 aerobic organisms 
could be cultivated—a nonhemolytic streptococ- 
cus and a diphtheroid-like form. All other cul- 
tures were isolated and grown under anaerobic 
conditions in hydrogen Brewer jars containing 
5% carbon dioxide. 

The mediums used were similar to those used 
in earlier studies and included the following: 
(1) Ten percent sheep blood agar prepared with 
Bacto beef extract (no. B131), Bacto heart in- 
fusion (no. 338) or Proske-Sayers veal infusion 
base’ and 1.5% agar. (2) Ascitic fluid-kidney ex- 
tract mediums prepared with either Bacto heart 
infusion base (HIAFKE medium) or with Proske- 
Sayers base (PSAFKE medium). These have 
been previously described.'® They contained 30% 
ascitic fluid, 0.1% neutralized cysteine hydro- 
chloride and 5% aqueous extract of fresh guinea 
pig kidney. They were prepared either as broth or 
with 1.5% agar. (3) Proske-Sayers agar enriched 
with 30% ascitic fluid and pieces of guinea pig 
kidney (PSAFK agar) for use in Noguchi tubes. 
This medium, described previously,? was used 
for cultivation of spirochetes. (4) Difco thiogly- 
collate broth (no. B236). (5) Hartley broth.® 

Strains were isolated from the Ist, 4th, 5th, 6th 
and 7th guinea pig passages. Exudates were either 
streaked directly on solid medium or first cul- 
tured through one or more passages as unstreaked 
drops on solid medium. Spirochetes were isolated 
by inoculation of exudates into the well of 
spirochete cup plates or by inoculation of blood 
agar plates (prepared with Proske-Sayers base) 
as unstreaked drops. In the first instance spiro- 
chete-laden agar from the haze surrounding the 
well was aspirated by capillary pipette and trans- 
ferred to the depths of Noguchi tubes containing 
PSAF K agar.’ In the second instance where blood 
plates were inoculated as unstreaked drops, a 
peripheral fringe of spirochetes free from bacteria 
appeared in 5 to 7 days. This fringe varied in 
width from 0.5 to 1.0 cm. Some of this fringe of 


10. Macdonald, J. B. 1953, Motile Non-sporulat- 
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spirochete growth was emulsified in a tissue 
grinder with a small amount of sterile broth. The 
emulsified growth was then transferred by capil- 
lary pipette to Noguchi tubes of PSAFK agar. 

All cultures (except spirochete cultures in 
Noguchi tubes) were incubated anaerobically at 
37 C for 5 days to 2 weeks. Noguchi tubes were 
incubated aerobically. All pure cultures were 
stored in carbon dioxide ice in sealed 1-ml glass 
ampules. 

Twenty-nine pure cultures isolated from HG 
exudates (excluding cultures of spirochetes) were 
tested to determine replication and for pro- 
visional identification of the strains. Tests in- 
cluded cultural and morphological examination 
and biochemical tests. Each culture was grown on 
blood agar and in Difco thioglycollate broth 
(B236) and PSAFKE broth. Cultures in sugar-free 
thioglycollate (BBL) broth containing 1% of 
dextrose, sucrose or mannite, pH 7.2, were tested 
for fermentation with a glass electrode potentiom- 
eter. Production of hydrogen sulfide was deter- 
mined in a medium prepared from equal parts of 
PSAFKE agar and Difco peptone iron agar. 
Formation of.indol was tested in Difco thiogly- 
collate broth by shaking 1 ml of xylol with the 
culture, heating to 55 C, and adding 7 or 8 drops 
of Ehrlich’s reagent." The method of Topley and 
Wilson” was used to test nitrate reduction in 
cultures in BBL broth containing 0.1% potas- 
sium nitrate. Addition of 0.0001% sodium nitrite 
to BBL broth gave a distinctly positive test. 
Acid production in litmus milk was recorded, and 
the solubility in 10% sodium hydroxide of the 
clot, if any, was tested.” 

Negative controls of all tests were performed 
with sterile broth. Inoculation in all cases was by 
capillary pipette, using 5 to 10 drops, depending 
on the turbidity of the seed culture. Peptone iron 
agar tubes were inoculated by stabbing the solidi- 
fied medium. Cultures were incubated anaerobi- 
cally for periods ranging from 3 to 7 days, de- 
pending on the rate of growth of each strain. All 
tests were repeated and confirmed at least once. 


Results 


By eliminating duplications among 
the strains isolated, the number of dis- 
tinctive strains appeared to be 17. This 


11, Frobisher, M., 1940, Fundamentals of Bac- 
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Company. 

12. Topley, W. W. C. and Wilson, G. S. 1946, 
Principles of Bacteriology and Immunity. 
Baltimore, The Williams and Wilkins Com- 
pany. 


277 


number included one “‘strain’’ of spiro- 
chetes which can be considered pure 
only in the sense that it was separated 
from other bacterial forms. The meth- 
ods of isolation of spirochetes, as noted 
elsewhere,’ made it seem likely that all 
of several cultures isolated would be 
comparable. No ‘double haze’’ as de- 
scribed by Rosebury and his coworkers’ 
was observed. Darkfield appearance was 
uniform from one culture to the next. 
Thin, tightly wound spirochetes of the 
T. microdéntium variety with approxi- 
mately 10 curves predominated. Both 
longer and shorter forms were also found. 
Some shorter forms with 5 or 6 curves 
were slightly thicker and irregularly 
wound. Consequently each culture of 
spirochetes isolated was considered to 
include all the cultivable forms. 

The characteristics of the distinctive 
strains (exclusive of spirochetes) are 
listed in table 1. As in earlier studies,4* 
they fall into 5 morphological groups: 
(1) streptococci, (2) gram-negative non- 
motile rods, (3) gram-negative motile 
rods, (4) fusiform rods, and (5) gram- 
positive nonmotile rods. 

Streptococci.—Seven strains of strepto- 
cocci weré isolated. One only (JSI) was 
aerobic and was identified as S. mitis. It 
produced slight greening on blood agar 
and failed to produce mucoid colonies on 
5% sucrose agar.'* The other 6 strains 
were all anaerobes. Three strains (JR4, 
JRS5 and JS9) appeared similar in all re- 
spects except for fermentation of man- 
nite (positive for JR5, negative for JR4, 
JS9) and production of acid in litmus 
milk (negative for JS9, positive for J R4, 
JRS5). The remaining three strains were 
unique in at least one respect, i.e., colon- 
ial form of K98 and K112, and biochem- 
ical inactivity of K100. 

Gram-negative nonmotile rods.—Three 


13. Niven, C. F., Smiley, K. L. and Sherman, 
J. M. 1943, J. Bact. 45: 479-484. 
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EXPERIMENTAL FUSOSPIROCHETAL INFECTION 


strains were isolated. One (K110) pro- 
duced black pigment and apparently be- 
longs with the ill-defined species Bac- 
teroides nigrescens.“ It was found on 
blood plates in intimate association 
with one of the streptococci (JS9), from 
which it was separated with difficulty. 
Growth occurred in Difco thioglycol- 
late broth only when 20% of a sterile 
Seitz filtrate of 5-day broth culture of 
JS9 was added. It was later found that 
filtrate of a hemolytic Micrococcus 
aureus was more effective than filtrate 
of JS9. Biochemical activity was not 
tested because of alteration of the medi- 
um by the added filtrate. One strain of 
gram-negative nonmotile rods (JR6) 
grew poorly in Difco thioglycollate 
broth and not at all in other mediums. 
Its biochemical activity could not be 
tested except for indol and hydrogen 
sulfide production; both tests were neg- 
ative. Strain K92 grew well on blood 
agar, producing green discoloration. It 
fermented dextrose and produced indol. 

Gram-negative motile rods.—Of the two 
strains, one (JV5) was identified as 
Vibrio sputorum and has been described 
in detail elsewhere.'® The second (K80) 
was a straight rod, slugggishly motile, 
and with a tendency in darkfield prep- 
arations to rosette forma- 
tion. It may be related to the organism 
described by Tunnicliff and Jackson as 
Vibriothrix tonsillaris,® and by Mendel 
as Leptothrix asteroide.® 

Fusiform rods.—Fusiform rods were 
generally inconspicuous in guinea pig 
exudate and only one strain was iso- 
lated. It corresponds to Fusobacterium 
as described by Bége."” 


appear in 


14. Schwabacher, H., Lucas, D. R., Rimington, 
C. 1947, J. Gen. Microbiol. 1: 109-120. 
15. Tunnicliff, R. and Jackson, B. L. 1930, J. 
Infect. Dis. 46: 12-17. 
. Mendel, J. 1918, Compt. rend. Soc. de biol. 
81: 471-475. 
. Bge, J. 1941, Fusobacterium Oslo Rommes- 
jon Hos Jacob Dybwad. 
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Gram-positive nonmotile rods.—One 
strain (JR3) was one of the two aerobic 
organisms isolated. It usually formed 
smooth, opaque and creamy-colored 
colonies on blood agar but occasionally 
formed rough colonies. The other two 
strains were separated with difficulty. 
One (JB3A) may belong with the cocci 
rather than the rods. Generally it ap- 
peared as short rods, but occasionally 
pairs and short chains were found. 


II. RECOMBINATION OF STRAINS 


Procedure 


Nine attempts were made to recombine all 16 
bacterial strains from HG plus a bacteria-free 
culture of spirochetes from HG. The experimental 
design was essentially the same for all nine trials, 
with modifications in individual trials as noted 
below. 

All cultures (except spirochetes) were grown 
initially from ampules stored in carbon dioxide 
ice. They were inoculated into Difco thioglycol- 
late broth and as streaks on Proske-Sayers (PS) 
blood agar, and incubated anaerobically for 7 
days, i.e., the incubation period required for the 
slowest growers. The growth was then recorded 
for both tubes and plates, and all cultures were 
examined microscopically. Where growth in 
broth was satisfactory, broth cultures were used 
for recombination. Otherwise growth from blood 
agar was used. If growth failed in both mediunis, 
an ampule was removed from carbon dioxide ice 
storage and used for the recombination. 

Spirochete cultures were obtained in two ways. 
They were grown in PSAFK agar in Noguchi 
tubes, using as source either spirochetes previ- 
ously separated from bacteria and stored in car- 
bon dioxide ice, or the spirochete haze surround- 
ing confluent bacterial growth on PS blood plates 
that had been inoculated with HG guinea pig 
exudate. Alternatively, the spirochete haze from 
such PS blood plates was emulsified with PSAFKE 
broth and used directly for the recombination 
studies. In the latter instances, some of the 
emulsion was inoculated into spirochete tubes of 
PSAFK agar to confirm viability and as streaks 
on blood agar plates for both aerobic and anaero- 
bic incubation to confirm purity. Spirochetes 
from the first source (separated spirochete 
growth in Noguchi tubes) were used in the Ist, 
4th, 5th, 6th and 8th trials. Emulsified spiro- 
chetes from blood plates were used for the 2nd, 
3rd, 7th and 9th trials. 
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Cultures were recombined on PS blood agar 
plates. A drop of PSAFKE broth was placed in 
the center of each plate. Using a wire loop, each 
pure culture was inoculated in turn onto the plate 
as a single streak from the edge of the plate into the 
drop of broth in the center of the plate. The order of 
inoculation of the various strains was the same on 
all plates. When all 16 cultures had been inocu- 
lated, each streak appeared as the spoke of a 
wheel with the central drop in which all cultures 
were merged forming the hub. Spirochetes were 
inoculated directly into the central drop without 
being streaked. 

Each seed culture was, in addition, subcultured 
to Difco thioglycollate broth, and to blood agar 
plates for aerobic and anaerobic cultivation to 
confirm purity. Thawed guinea pig exudate from 
the 11th guinea pig passage was inoculated as un- 
streaked drops on PS blood agar and was 
streaked on blood agar for aerobic incubation. 

Except for the aerobic blood plates, all cul- 
tures, including the recombination plates, were 
inoculated anaerobically in modified Brewer jars 
for 7 days. The aerobic plates were incubated for 
3 days. 

The recombination plates were examined after 
7 days and the growth of each strain along its in- 
dividual “spoke” recorded (fig. 1). In most in- 
stances heavy growth was found along the 
length of the streak and into the central drop. In 
some instances growth stopped short of the cen- 
tral drop. Sometimes a strain failed to show 
growth. Where all strains grew along the whole 
length of the streak, the agar containing the 
mixed growth in the central drop was cut out 
aseptically and emulsified in a tissue grinder with 
PSAFKE broth, approximately 1 ml of broth for 
each culture. After darkfield examination the 
emulsion was inoculated as unstreaked drops on 
fresh PS blood agar (for anaerobic incubation) 
and streaked on blood agar for aerobic incuba- 
tion. The mixed growth of guinea pig exudate was 
similarly emulsified and subcultured. 

After 7 days incubation the recombination 
drops of mixed growth on blood agar were ex- 
amined grossly, emulsified in a tissue grinder as 
before and examined by darkfield. In those trials 
where growth appeared comparable grossly, and 
by darkfield examination, to the mixed growth of 
guinea pig exudate on blood agar, and where 
there was no evidence of contamination, the 
emulsified growth was inoculated into. guinea 
pigs. The mixed growth of guinea pig exudate 
was inoculated into guinea pigs as a control. 


Results 


Growth of all 16 bacterial strains and 
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spirochetes without contamination was 
obtained only twice, in the 8th and 9th 
trials. In trial 3 all strains grew (includ- 
ing spirochetes), except the biochem- 
ically inactive anaerobic streptococcus, 
K100. Other trials were unsuccessful be- 
cause of failure of certain strains to grow 
or because of contamination. 

In the 3rd, 8th and 9th trials the 
growth of emulsified recombination 
drops exhibited a well-defined spiro- 
chete haze, ranging in diameter from 
5 to 15 mm. The bacterial growth was 
dark brown in color and pebbled. A 
narrow zone (0.5 mm) of creamy, radi- 
ally striated growth surrounded the 
central portion. Beyond this was a flat 
grauular pink-green iridescent margin 
from 0.5 to 2 mm wide. The spirochete 
haze was beyond this. The zone of pink 
and green iridescent growth, by dark- 
field examination, appeared to be com- 
pesed solely of strain K80 (motile rods). 
The control cultures of guinea pig exu- 
date appeared similar to those of the re- 
combined cultures except that they had 
no iridescent margin. 


III. PATHOGENICITY OF RECOM- 
BINED CULTURES 


Procedure 


The mixed growth from 6 recombination drops 
from the 3rd, 8th and 9th trials was emulsified 
with PSAFKE broth (1 ml to each drop). Four 
normal guinea pigs were inoculated with each 
emulsion in a dosage of 1 ml. Inoculations were 
made subcutaneously into the groin without 
trauma. The emulsion was also streaked aerobi- 
cally on blood agar. In addition, a control culture 
of unpurified guinea pig exudate grown on blood 
agar was emulsified and similarly inoculated into 
4 guinea pigs. The animals were examined daily. 
Exudate was aspirated from appropriate lesions, 
examined by darkfield, and streaked on blood 
agar for aerobic incubation. Exudate from each 
of 2 animals of the experimental group was 
passed to 2 more animals in each series using a 
dosage of 0.08 ml. Exudate from 1 guinea pig in 
the control series was passed to 2 guinea pigs, 
using a dosage of 0.08 ml. Exudate from 2 of the 
second passage animals was passed serially 
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Fic. 1.—Wheel plate after 7 days anaerobic 
incubation, as seen by reflected light. Spirochete Fic. 3.—Localized abscess in experimental 


haze visible only by transmitted light. guinea pig (trial 8). 


Fic. 2.—Localized abscess (++) in control Fic. 4.—Spreading infection (+++) showing 
guinea pig. necrosis of abdominal wall in control guinea pig. 
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Fic. 5.—Spreading infection (+++) showing 
necrosis of abdominal wall in experimental guinea 


pig (trial 8). 


through 3 more passages in all three experimental 
groups, using a dosage of 0.05 ml. Four animals 
were used at each passage in each experimental 
group. Exudate from only one animal in the con- 


TABLE 2 


Passage no. 1 2 


Inoculum 1.0 
(in ml) cult. mash 


0.08 
exudate 


Trial 3 +P ++ 

P ee 
+++ P 
++++4+ 


+++ 


Trial 8 +? 


+P 


t+t 


Trial 9 
P 


++ Pp 


ie aie ie | 


+ 
+ 
+ 

+ 


Control + 


+++4+P 


++++ 


+, small nodular lesion. No exudate. 

+, less than 1 inch localized abscess. 

+ +, localized abscess 1 inch or more in diameter 
+ + + 
+++ +, spreading infection fatal in 7 days or less 
P, used for passage. 


, localized abscess with extension not fatal in 7 days. 


trol series was passed, except as noted in table 2. 
The exudate on each occasion was examined by 
darkfield and streaked on blood agar for aerobic 
incubation. All guinea pigs were autopsied when 
found dead or sacrificed and autopsied not later 
than 8 days following inoculation. 

To determine the pathogenicity of each mor- 
phological group (table 1), a recombination of 
the organisms within each group was inoculated 
into guinea pigs. Recombination mixtures of the 
following groups were prepared according to the 
“‘wheelplate” technique detailed above: (1) strep- 
tococci, (2) gram-negative rods (including fusi- 
forms, strain JF5), (3) motile rods, and (4) gram- 
positive rods. Each recombination mixture was 
emulsified and inoculated subcutaneously in 1 ml) 
dosage into 2 guinea pigs. An emulsion of spiro- 
chetes grown in Noguchi tubes was similarly 
inoculated. No lesions developed in any of these 
animals, and it was therefore not possible to 
aspirate and pass exudate. 


Results 


The results are recorded in table 2. 
Lesions developed in every guinea pig in 
all five passages and in all three experi- 
mental groups. The lesions were in every 
respect comparable to earlier descrip- 
tions of experimental fusospirochetal in- 


Pathogenicity of recombined cultures in guinea pigs. 


3 4 5 


0.05 
exudate 


0.05 
exudate 


0.05 
exudate 


tee | +4+4+7 
t+t+t | +++ | +0 
- 
ttt ttt | +44 
++++ | + ++'9 
Serr | TT 
++++ 


_ 
~ 


** 
++ 
++) 4+4+4+4+ > 4+4+4++ 


od. 
+ 
+ 


+++ | ++4+4+ | +++ 
+++ 


Z+++ |) ++++ 
P+++ 


Control inoculum prepared from mixed culture of unpurified exudate. 


* Animals died before exudate could be aspirated. 
t Nonspecific death in 1 day. No evidence of infection. 
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fections in guinea pigs (fig. 3 and 5).'8 
Localized lesions varied in approximate 
diameter from 0.5 to 5 cm. Only three 
lesions were nodular, without exudate 
(+). The larger localized lesions (+ or 
++) were well walled-off abscesses con- 
taining abundant thin to thick foul- 
smelling exudate. The color varied from 
a creamy yellow to a dirty grey-brown. 
The walls of these abscesses showed ex- 
tensive necrosis. Darkfield examination 
of the exudate revealed atypical fuso- 
spirochetal flora, including actively mo- 
tile spirochetes of the T. microdentium 
variety, motile rods like strains JV5 and 
K80, nonmotile rods, fusiform rods and 
cocci. Lesions of this type were found in 
12 of the guinea pigs from trial 3, 15 
from trial 8 and 9 from trial 9. 

Typical spreading fusospirochetal le- 
sions (+++ or ++++) were found 
in all three trials. In animals that sur- 
vived for 7 days (+++) there was gen- 
erally evidence of attempted localiza- 
tion of the lesion. The margins showed 
fibrotic thickening in some instances 
and in some there was a deep red in- 
flammatory border, 1 to 2 cm wide. In 
the three instances in which extensions 
proved fatal in 7 days or less (++-+-+), 
there was no evidence of any attempt to 
localize the infection. At autopsy the 
lesions were found to cover most of the 
abdominal and thoracic walls; there was 
extensive necrosis of tissue and the ex- 
udate was thin and grey-brown in color. 
The animals lost weight rapidly during 
the day before death. Necrosis of skin 
with alopecia occurred over the abdo- 
men of these animals and some animals 
in the group which showed nonfatal ex- 
tensions. 

Lesions in the control group of guinea 
pigs which were inoculated initially with 


18. Rosebury, T. and Foley, G. 1939, J.A.D.A. 
26: 1798-1811. 


283 


a mixed culture of unpurified HG ex- 
udate were comparable to those in the 
experimental groups (fig. 2 and 4) but 
as a group were more severe. Nine of 
these guinea pigs developed spreading 
infections which were fatal in 7 days or 
less, and only 4 developed localized non- 
fatal abscesses. 


DISCUSSION 


Methods used in screening the pure 
cultures isolated from the HG exudate 
were similar to those used by Rosebury, 
Clark, Macdonald and O’Connell® in 
analyzing a different exudate (MP). It 
seems worthwhile to compare the re- 
sults of the two analyses. The total 
number of distinctive strains isolated 
from each exudate was the same (16 
from both, exclusive of spirochetes), and 
the morphologic categories were com- 
parable. However, organisms were iso- 
lated from each exudate which clearly 
had no counterpart in the other exudate. 
Examples include the strain of Bacter- 
oides nigrescens (K110) and the motile 
gram-negative rod, K80, from the HG 
exudate, and a strain presumed to be 
Spirillum sputigenum (VB7A) from the 
MP exudate. 

These differences make it necesary to 
conclude that all the organisms which 
persist in serially transmitted fusospiro- 
chetal infections in guinea pigs are not 
essential to the infection or else that 
these comparable infections from dif- 
ferent sources are caused by different 
groups of organisms, conclusions which 
are not mutually exclusive. In the pres- 
ent study K100 appears not to have 
been essential since pathogenicity in 
trial 3, from which it was missing, was 
compagable to that in trials 8 and 9. 
Further assessment of the role of in- 
dividual organisms must await further 
study. 

The difficulty experienced in attempts 
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to recombine the cultures isolated from 
HG lend support to the hypothesis that 
earlier attempts to infect guinea pigs 
with recombined cultures failed 
cause some of the recombined cultures 
failed to grow in the recombined mix- 
ture. Growth of all cultures appeared in 
only two of the nine recombination 
trials. In one other (trial 3) only one 
strain failed to grow (K100). This par- 
ticular strain failed to grow in several of 
the trials. Spirochetes failed in only two 
of the nine trials. With the exception of 
strain K100, no special problem was 
presented in obtaining growth of any of 
the strains. Failures occurred in an ap- 


be- 


parently haphazard fashion, suggesting 
that the difficulty was that of obtaining 
adequate growth simultaneously of a 
large number of fastidious strains. 

The experimental infection fulfilled 
the requirements for fusospirochetal in- 
fection, including necrosis of tissue, pro- 
duction of foul-smelling exudate, typical 
fusospirochetal flora by darkfield exam- 
ination and serial transmissibility from 
animal to animal. It is worth noting that 
the recombination mixtures used to pro- 
duce infection in guinea pigs contained, 
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among other organisms, forms that may 
correspond to the inadequately defined 
fusospirochetal quartet which Smith? 
and Proske and Sayers* reported as es- 
sential for the production of experi- 
mental infections, i.e., a small fusiform 


bacillus, a small vibrio, a streptococcus, 


and a thin, tightly wound spirochete— 
all anaerobes. The present successful 
production of these infections by a re- 
producible technique opens the way to 
further studies aimed at identifying the 
significant organisms in these complex 
mixtures. 


SUMMARY 


1. The exudate from a serially passed 
guinea pig fusospirochetal infection has 
been analyzed into 16 pure cultures of 
bacteria and a culture of spirochetes. 

2. These 17 cultures were recombined 
and cultivated together by a new tech- 
nique, the ‘‘wheel plate.” 

3. The recombined cultures in 3 out 
of 9 trials, in which 16 or all 17 cultures 
gave evidence of separate as well as 
mixed growth, were successfully used to 
produce typical transmissible fusospiro- 
chetal infections in guinea pigs. 





MECHANISMS OF CITRATE INHIBITION OF 
PHAGOCYTOSIS AND OPSONIZATION 


JOSEPH VICTOR AND FRANCIS A. BEALL 


From the Biological Laboratory, Chemical Corps, Camp Detrick, Frederick, Maryland 


It has long been known that citrate 
inhibits phagocytosis, but the mecha- 
nism is not well defined. Hektoen and 
Ruediger! treated bacteria with serum 
containing citrate, then washed the bac- 
teria from citrated serum. The 
presence of citrate interfered with op- 


free 


sonization. Leucocytes similarly treated 
with citrated serum, washed, and then 
exposed to opsonized bacteria showed 
no decrease in phagocytosis. The au- 
thors’ conclusion! that citrate affected 
opsonization and not phagocytosis was 
not justified, since citrate was present 
during opsonization but not during 
Studies especially con- 
cerned with brucellas by Huddleson, 
Johnson and 


phagocytosis. 
Hamaan,? Casteneda, 
Tovar and Velez,’ and Jersild* demon- 
strated that the inhibition of phagocy- 
tosis by citrate was proportional to its 
concentration. Maalge,> without direct 
evidence, suggested that the citrate 
effect on phagocytosis was due to its 
anticomplementary action. The reversal 
of citrate inhibition of complement by 
Mgtt+ and Catt described by 
Mayer, Osler, Bier, and Heidelberger® 


ions 


Received for publication February 15, 1954. 

. Hektoen, L. and Ruediger, G. F. 1905, J. 
Infect. Dis. 2: 128. 

. Huddleson, I. F., Johnson, H. W. and 
Hamaan, E. E. 1933, Am. J. Pub. Health, 23: 
917. 

. Casteneda, M. R., Tovar; R. and Velez, R. 
1942, J. Infect. Dis. 70: 97. 

. Jersild, P. M. 1942, Diagnosteke og Tera- 
peutische Problemer uld Febris undulans, 
Copenhagen, Einar Munksgaard, p. 37. 

. Maalge, O. 1946, On the Relation Between 
Alexin and Opsonin, Copenhagen, 
Munksgaard, p. 118. 


Einar 


mechanism for 
citrate inhibition of opsonization. The 
present experiments investigated citrate 
action on phagocytosis and opsoniza- 


suggested a_ possible 


tion, separately and combined, and its 
reversal by divalent cations. 


METHODS 


Cells from dog blood containing 1 mg heparin 
per 10 ml were separated from plasma and 
washed 3 times, each in 10 volumes of 0.9% NaCl 
containing 0.3% polyethylene glycol to prevent 
hemolysis. Polyethylene glycol solution was free 
of calcium and the NaCl contained a maximum 
of 0.005% of Ca, Mg and NH;. The solution is 
referred to as Na-P solution. Brucella suis grown 
on tryptose agar for 24 hours and killed by treat- 
ment with 1% formaldehyde for 24 hours were 
suspended at a concentration of 1 X 10!° brucellas 
per ml in Na-P solution after 3 washings each in 
about 1000 volumes of this solution. Sodium 
citrate, concentration checked by drying to con- 
stant weight, and the chlorides of Ba, Ca, Cd, Co, 
Cu, Mg, Mn, Ni, Sr, and Zn, checked by chloride 
determination, were prepared in 0.774 M solu- 
tions. HgCl, was prepared in 0.193 M solution be- 
cause of its low solubility. The final concentration 
of all divalent chlorides in the experiments was 
0.053 M, unless stated otherwise. The final citrate 
concentration when employed with divalent cat- 
ions was also 0.053 M, but when tested without 
divalent salts was 0.057 M, similar to that em- 
ployed by Huddleson and others? in the opsono- 
cytophagic test. 

The effect of citrate on phagocytosis and its 
neutralization by divalent salts was determined 
by comparing phagocytosis of opsonized brucel- 
las by washed blood cells in an equal volume of 
Na-P solution, in Na-P solution containing 
citrate, and in Na-P solution containing citrate 
plus divalent salt. Bacteria were opsonized by 
treatment with plasma during centrifugation for 
30 minutes and then washed 3 times with Na-P 
solution. Sodium citrate, 0.2 ml of 0.774 M, was 
added to 2.5 ml of Na-P solution. Divalent salts 
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TABLE 1.—Citrate inhibition of phagocytosis and opsonization, separately and combined, 


Control Phagocytosis Opsonization opsonization 
Suspension — — - — — Na P 
liquid: 1. PD Na-P 'n_p Na- 
Na-P Na-E 1 citrate Na-P Na-P vee : citrate 
citrate cation ——— cation 
es ee Plasma aw Plasma 
ee "aie Plasma Plasma Plasma pi mcr citrate pi nee citrate 
emt: “en cation ‘ cation 
0 yay Mean percentage of neutrophils phagocytosing brucellas 
MgCl, 100 48 98 92 100 18 100 
96 46 100 94 100 38 94 
100 94 100 70 84 24 72 
100 88 100 58 94 52 92 
MnCl, 100 48 94 92 100 46 88 
100 32 98 96 100 18 82 
NiCh 100 74 100 78 74 36 56 
98 88 100 96 : 18 100 
CoCh 100 74 98 78 100 46 58 
ZnCh 96 46 92 94 86 32 20 
98 88 100 96 94 36 54 
CdCl, 100 76 98 98 54 18 31 
100 32 90 96 92 32 54 
CaCiz 100 48 74 92 96 46 46 
BaCi: 100 76 88 98 96 32 32 
SrCh, 100 76 90 98 88 38 36 
100 32 75 96 100 18 30 
CuCh 100 74 78 78 66 
98 96 96 18 36 
HgCl.* 96 46 70 





* (0.0133M was one-fourth molar equivalent of the citrate. 


Na-P citrate solution in 
amounts indicated in the tables. If a precipitate 
formed after addition of the divalent chlorides to 
the Na-P citrate solution, the mixture was 
centrifuged and the supernatant was used. To 
these mixtures were added equal volumes of 
washed blood cells. Phagocytosis was measured 
with a method previously described? by mixing 
0.1 ml of bacterial suspension containing 1X 10° 
formalin-killed brucellas in Na-P solution and 
0.1 ml blood cell suspension. All blood cell-bac- 
terial mixtures were rotated at 37 C for 30 min- 
utes. Tallies were made of the percentage of 50 
neutrophiles containing bacteria. 


were added to the 


The effect of citrate on opsonization and its 
neutralization by divalent salts was determined 
by adding 0.2 ml of sodium citrate solution to 
2.5 ml heparinized plasma with or without di- 
valent chlorides. Opsonization of 10! formalin- 
killed Br. suis was performed with 1 ml of the 
above solutions for 30 minutes during centrifuga- 
tion at room temperature. The bacteria were then 
washed 3 times in Na-P solution. The degree of 
opsonization determined by measuring 
phagocytosis of the treated bacteria by washed 
blood cells suspended in Na-P solutions. These 
experiments distinguished between the action of 
citrate on phagocytosis and opsonization. 


was 


7. Victor, J., Pollack, A. D., Raymond, R. and 
Valliant, J. R. 1952, J. Bact. 64: 121. 


and its neutralization by divalent cations. 





Phagocytosis and 


Effects of citrate and divalent cations acting 
simultaneously on opsonization and phagocytosis 
were studied. Bacteria were suspended in citrate- 
treated and_ citrate-cation-treated plasmas, 
washed, and tested with blood cells suspended in 
Na-P containing citrate or citrate plus cation. 


RESULTS 


Effects of citrate on separate and com- 
bined phagocytosis and neutralization of 
effects by divalent cations.—The data in 
table 1 demonstrate that phagocytosis 
of bacteria was inhibited more when 
0.057 M citrate was present during the 
process of phagocytosis than when 
present during opsonization. The in- 
hibitory effect of citrate acting simul- 
taneously on phagocytosis and opsoniza- 
tion was much greater than the sum of 
the separate effects, as estimated from 
the percent of neutrophils phagocytos- 
ing bacteria. When paired differences 
were taken as a series, the mean of the 
control as compared with effect of cit- 


rate on phagocytosis was 37+3.3, 
while the mean difference with both 
phagocytosis and opsonization was 


71+2.6. 








INHIBITION OF PHAGOCYTOSIS AND OPSONIZATION 


Citrate inhibition of phagocytosis 
was partially reversed by equimolar 
amounts of the following divalent cat- 
ions: Mgtt+, Mntt, Nit+, Cott, Znt+, 
Cdt++, Cat+, Bat+, and Sr++. Cut* had 
no effect in a single instance. HgCl. 
partially reversed the action of citrate 
when present as one-fourth the molar 
equivalent. 

Reversal of the citrate inhibition of 
opsonization was demonstrable only 
with Mgt+, Mnt*, and Cot, using 
equimolar quantities. However, reversal 
of cunibined citrate action on phagocy- 
tosis and opsonization occurred with 
equimolar amounts of Mg*t*+, Mn*, 
Cat+, Bat+ (table 2), Nit*, Cot, 
Cd++, and possibly Cutt, but not with 
Sr++, Zn**, or Hgt*. 

Reversal of citrate inhibition of phago- 
cytosis and opsonization by different con- 
centrations of divalent salts.—Reversal 
of citrate action on phagocytosis by 
MgCls was complete when molarities 
were between one-half and equal to that 
of citrate, but incomplete when molarity 
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was one-fourth that of citrate (table 2). 
Citrate inhibition of opsonization was 
reversed most effectively with equimolar 
MgCls, and somewhat less with lower 
concentrations. Reversal of citrate in- 
hibition of combined phagocytosis and 
opsonization was incomplete with equi- 
molar MgCl. and absent with one- 
fourth equimolar MgClo, although the 
latter amount had almost completely 
reversed the citrate effect on phagocy- 
tosis alone. 

Equimolar CaCl. incompletely re- 
versed citrate inhibition of phagocy- 
tosis, but the effect was proportional to 
CaCl. concentration. No evidence for 
citrate inhibition of opsonization was 
seen in the plasmas employed in the ex- 
periments with CaCl, because the 
plasma opsonin was too high, but citrate 
inhibition of combined phagocytosis 
and opsonization was greater than that 
of phagocytosis alone. Again, CaCle 
only partially reversed citrate action 
on combined phagocytosis and opsoniza- 
tion when present in 0.25 to 1.0 equi- 


TABLE 2.—Citrate inhibition of phagocytosis and opsonization, separately and combined, 
and its neutralization by divalent cations. 


Control 

Suspension a — Sache 
liquid: . 

r Na-P 

Na-P citrate 


Bacterial 


treatment: Plasma Plasma 
r : 


Molarity of 
salt 


Number of 
experiments 


Phagocytosis 


Mean percentage of neutrophils phagocytosing brucellas 


Phagocytosis and 
opsonization 


Na-P 
citrate 
cation 


Opsonization 


Na-P 
citrate 
cation 


Na-P 


Na-P citrate 


Na-P 


Plasm ) 
citrate 
cation 


Plasma 
citrate 


Plasma 
citrate 
cation 


Plasma 


Plasm:z : 
lasma citrate 





MgCl. 
0.0534 69 
0.0356 
0.0267 
0.0133 


CaCl: 
0.0534 
0.0356 
0.0267 
0.0133 

BaCh 
0.0534 
0.0356 
0.0267 
0.0133 

NiCl: 
0.0534 
0.0356 
0.0267 





94.5 
88 .6 
85.6 
64 


89.5 
93.6 





98 
99.5 
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molar concentrations, but reversal was 
similar to that with phagocytosis alone. 

The highly toxic salts BaCl, and 
NiCl. partially citrate in- 
hibition of phagocytosis and to a lesser 


reversed 


inhibition of 
combined phagocytosis and opsoniza- 
tion (table 2). 

Differences between citrate effects on 
separate and combined phagocytosis and 
opsonization.—Phagocytosis “of  op- 
sonized brucellas was inhibited by cit- 


degree reversed citrate 


rate in all of 81 tests, whereas inhibition 
of opsonization occurred in only 29 of 
78 tests. Since there was phagocytosis 
by 94 to 100% neutrophiles in all the 
standardized tests with opsonized bru- 
cellas, all plasmas employed in the ex- 
periments contained at least 1 unit of 
opsonin.’ Titrations of opsonin were not 
performed with the individual plasmas, 
but the citrate influenced their opsoniz- 
ing powers to different degrees. Despite 
this 


citrate inhibited combined phagocytosis 


variable effect on opsonization, 
and opsonization to a greater degree 
than separate phagocytosis and op- 
sonization in all of 81 tests. 

Differences between effects of divalent 
cations on reversal of citrate inhibition of 
separate or combined phagocytosis and 
opsonisation.—Phagocytosis inhibition 
by citrate was reversed by all divalent 
cations tested except Cu**. Opsoniza- 
tion inhibition by citrate was reversed 
only by Mgt*, Mn**, and Cott. Op- 
portunities to test reversal of citrate inhi- 
bition of opsonization were limited be- 
cause of the relatively high opsonin con- 
tent of the plasma cited above. In addi- 
tional experiments, brucellas opsonized 
with plasma alone or with plasma con- 
taining added 0.057 M Catt, Mgt, or 
Mn** showed phagocytosis by 74, 76, 78 
and 66% of neutrophiles, respectively. In 
contrast, opsonization with plasma con- 
taining Bat+, Cut+, Cdt+*, Cot**, Hg**, 
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Nit++, Sr++ and Zn*++ showed 20, 18, 46, 
54, 24, 50, 44 and 40% neutrophils 
phagocytosing brucellas, respectively. 
Thus, many cations, e.g., Nit*+, Zn*+, 
Cd++, Sr++, Cut*, and Hg** added to 
plasma with or without citrate, inhibited 
opsonization when citrated plasma alone 
did not (table 1). The citrate combina- 
tion with plasma constituents might not 
have been dissociated and neutralized 
by the cations just cited. Citrate in- 
hibition of combined phagocytosis and 
opsonization was reversed most effec- 
tively by Mg**, Mn**, Cat+, Nit, less 
by Bat+, Cdt++, Cot+ and Cut, and 
not at all by Zn**, Sr*+* and Hgt*. Re- 
versal by all cations except Cat+ and 
Cut of citrate inhibition was greater 
with phagocytosis alone than with com- 
bined phagocytosis and opsonization. 
Thus, reversal of citrate inhibition by 
divalent cations differed in separate or 
combined phagocytosis and opsoniza- 
tion. 
DISCUSSION 

Phagocytic activity of leucocytes in 
the preceding experiments was _ inde- 
pendent of the action of divalent cat- 
ions, since the cells were washed and 
suspended in Na-P solutions containing 
only traces, i.e., less than 0.45 parts per 
million of Ca and Mg, of electrolytes 
other than sodium The in- 
hibitory action of citrate, although re- 
divalent cations, could 
scarcely have been due to binding of 
divalent Na-P solutions. 
Citrate must have affected the leuco- 
cytes directly, and the added divalent 
cations prevented the citrate from act- 
ing. 

Citrate action on opsonization in the 
preceding experiments was limited be- 
cause of relatively high opsonin activity 
of the plasma. The possible role of 
divalent cations was further tested by 


chloride. 
versed by 


cations in 
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comparing opsonization in plasma di- 
luted with Na-P or Krebs polyethylene 
glycol solutions’ and testing with blood 
cells washed 6 times in Na-P solution. 
Opsonin titers were measured as de- 
scribed tests with 27 
plasmas showing an opsonin titer of 10 
and diluted 1:100 in either of the above 
solutions, the mean percentage of neu- 
trophils containing bacteria was 28.4 
and 28, respectively. Employing 5 
plasmas with opsonin titers of 100, tests 
with dilutions of 1:1000 in either Na-P 
or Krebs polyethylene glycol solutions 
showed mean percentages of neutrophils 
containing bacteria of 16.4 and 18, re- 
spectively. Since the maximum com- 


elsewhere.” In 


bined Ca and Mg concentration was 
0.005% in the original NaCl crystals, 
then the 0.9°%% NaCl solution could con- 
tain 0.45 ppm of Ca and Mg. If the 
plasma contained 12 mg% of Ca and 
Mg or 120 ppm, a 10~ dilution of 
plasma in Na-P solution contained 1.2 
ppm of Ca and Mg in plasma plus 0.45 
ppm of Ca and Mg in the Na-P solution, 
a total of 1.65 ppm. At a 10-* dilution 
there would be 0.12 ppm plus 0.45 ppm, 
totalling 0.57 ppm of Ca and Mg. When 
combined Ca and Mg concentrations 
ranged between 0.57 ppm and 120 ppm 
there was no evidence that these cations 
influence opsonization. Thus the citrate 
effect on opsonization was_ probably 
directly on opsonin, although the added 
divalent cations prevented this effect. 
The present observations on separate 
and combined phagocytosis and op- 
sonization paralleled to a limited degree 
the activating effect of Mg** and Cat+* 
on the hemolytic function of comple- 
ment described by Mayer, Osler, Bier 
and Heidelberger.® Citrate inhibition of 
complement and its greater neutraliza- 
tion by Mg++ than Ca** resembles that 
seen in phagocytosis, although com- 
plement plays no role in the ingestion 
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of bacteria. Complement was not quan- 
titated in the present experiments, but 
the slight inhibitory effect of citrate on 
opsonization may have been secondary 
to a possible effect on complement. 
However, the effect of citrate on com- 
plement was insignificant in the over-all 
effect on phdgocytosis because citrate 
action was greatest under conditions 
where no complement was present, 
namely on the leucocytes with washed 
opsonized bacteria or on leucocytes with 
washed bacteria previously treated with 
citrated plasma. 

The citrate effect on combined phago- 
cytosis and opsonization was much 
greater than the sum of the effects on 
individual 


phagocytosis or opsoniza- 
tion. Thus, the combined systems ap- 


pear to function with additional factors 
influencing bacterial ingestion. Recent 
studies in this laboratory demonstrated 
a contact phenomenon between leuco- 
cytes and bacteria enhancing phago- 
cytosis without sensitizing bacteria or 
stimulating leucocytes. This contact 
reaction may have been inhibited by 
citrate. 

Reversal of citrate inhibition by the 
divalent cations occurred with either 
phagocytosis or opsonization, but re- 
versal of the combination of these func- 
tions was not predictable from the effect 
on either component. Combined phago- 
cytosis and opsonization thus differs 
greatly from the individual components. 
In certain laboratories employing the 
opsonocytophagic test, citrate in various 
quantities is present during combined 
opsonization and phagocytosis or only 
during opsonization. The present ex- 
periments indicate that citrate should be 
avoided in all attempts to quantitate 
reactions between leucocytes and _ bac- 
teria. 

The preceding conclusions are based 
on statistical analyses in which mean 
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differences between two series were con- 
sidered significant only if the probability 
was 0.05 or less. 


CONCLUSIONS 


1. Citrate inhibition was greater in 
phagocytosis than opsonization. In- 
hibition of combined phagocytosis and 
opsonization was more than the sum of 
the effects on separate phagocytosis and 
opsonization. Phagocytosis and _ op- 
sonization were not affected by com- 
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bined Ca and Mg concentrations above 
0.57 ppm. If these elements influenced 
these phenomena it was by action of 
trace amounts. 

2. Reversal or neutralization of cit- 
rate inhibition by divalent cations oc- 
curred with either phagocytosis or 
opsonization, but reversal of the com- 
bination of these functions was not pre- 
dictable from the effect on either com- 
ponent. Combined phagocytosis and op- 
sonization thus differs greatly from the 
individual components. 








THE REVERSAL OF THE TOXICITY OF OXYTETRACYCLINE 
(TERRAMYCIN) BY MULTIVALENT CATIONS 


EUGENE D. 


In early studies on the chemical na- 
ture of oxytetracycline, it was observed 
that the compound formed water-in- 
soluble mixed salts with a number of 
pairs of bivalent metal ions; use was 
made of this property in precipitating 
the drug from fermentation broths. 
Later work demonstrated that when 
various anions or cations were added to 
a simple medium, the toxicity of oxy- 
tetracycline for bacterial cells was re- 
versed only by the multivalent cations 
tested: Mgtt+, Mnt+, and Fet+™? Re- 
cently, Albert reported that oxytetra- 
cycline and chlortetracycline have an 
avidity for Fe+t™, Cutt, Nit, Cot, 
Znt+, and Mn*+*.* Also the molecular 
structures of the tetracycline com- 
pounds‘ reveal several enolic sites® at 
which chelation with bivalent cations 
might be predicted to occur. 

These observations raise the following 
questions. (1) Is oxytetracycline toxic 
towards microorganisms because it com- 
petes with enzyme systems of the micro- 
bial cells for essential bivalent cations? 
(2) Can the active cations be employed 
in diagnostic work as reversing agents 
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for the drug? (3) Will chelating agents 
enhance the microbial toxicity of oxy- 
tetracycline by freeing the environment 
of excess metallic ions? (4) If animal or 
microbial cells are inhibited by a toxic 
concentration of a metallic cation, will 
small quantities of the antibiotic neu- 
tralize the toxicity of the ion and thus 
apparently stimulate growth? 

The following work was performed to 
extend our knowledge of the combined 
action of multivalent cations and oxy- 
tetracycline on bacterial growth. 


MATERIALS AND METHODS 


Bacterial strains and stock culture medium.— 
Two oxytetracycline-sensitive strains of Pseudo- 
monas aeruginosa were employed as the test or- 
ganisms. Strain 1, with which the majority of the 
tests were performed, was kindly supplied by Dr. 
Edith Haynes, Indiana University Medical 
Center, Indianapolis, Indiana. Strain 2 (#9027) 
was obtained from the American Type Culture 
Collection. The cultural characteristics of each 
strain as determined in this laboratory agree with 
the description in the 6th edition of Bergey's 
Manual of Determinative Bacteriology. 

The strains were serially transferred daily in a 
liquid medium that consisted of doubly-distilled 
water in which were dissolved 0.2% glucose, 
0.1% NHsNOs, 0.13% NasHPO,, 0.08% KH2PO, 
0.002965% MgSO, and 0.00006% FeSO,- 7H,0. 
Before inoculation the medium was adjusted to 
pH 7.0 with NaOH and HCl, tubed in 10 ml 
quantities, and autoclaved. One loopful of cells 
was transferred each day from the 24-hour cul- 
ture to a tube of fresh sterile broth; daily plate 
counts during a period of 2 months demonstrated 
that the number of viable cells in the 24-hour 
culture fluctuated between 5108 and 28108 
per ml, provided that the temperature was main- 
tained at 37 C and that the time of incubation 
was precisely 24 hours. The cultures did not 
achieve maximum turbidity until after an incuba- 
tion period of 40 hours. 

Basal medium employed for testing the sensitiv- 
ity of the cells to oxytetracycline.—The solid basal 
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medium employed was identical to the stock cul- 
ture medium except for the addition of 2% 
washed agar (Difco Noble) and the omission of 
MgSO, and FeSO,: 7H.O. Apparently the washed 
agar contained trace amounts of Mg*t*, Fett(, 
and SO,~ sufficient for moderate growth of the 
test organisms. The solid basal medium was ad- 
justed to pH 7.0, tubed in 10 ml quantities, and 
autoclaved. 

Sterile oxytetracycline HCl (as well as the 
other antibiotics used in this study) was supplied 
by Chas. Pfizer and Co., Inc., through the 
courtesy of Dr. Frederick C. Fink. The drug was 
dissolved and diluted in distilled water and added 
aseptically to tubes of the basal medium that had 
been liquefied and cooled to 50 C. The contents 
of the tubes were then thoroughly mixed and 
poured into sterile flat-bottomed petri plates 
(Pyrex 3162). The final concentrations of oxy- 
tetracycline adjusted that 
amounts of growth from the maximum possible 
on the medium through none would be obtained. 
The interval between each successive concentra- 
tion of oxytetracycline was small; the actual 
quantities of the drug are presented in the section 
on experimental results. The drug-containing 
medium was inoculated immediately after the 
solidification of the agar by the spreading tech- 
nique described below. 

Methods of adding test substances to the basal and 
drug-enriched medium.—Two methods were em- 
ployed to add salts of multivalent cations and 
other test substances to the basal and drug-con- 
taining medium; one will be called the qualitative 
method; the second, the quantitative method. In 
the former, the 24-hour broth culture was diluted 
in distilled water so that 10 ml contained be- 
tween 510° and 28X10® viable cells. Of this 
dilution, 0.05 ml was immediately pipetted with a 
0.2 ml pipette on each agar surface and spread 
uniformly over the surface with a flat glass 
spreader. A filter paper disk (#740-E; manu- 
factured by Schleicher and Schuell, New York 
City) soaked in a 0.1% solution of the substance 
to be tested was then placed aseptically on the 
agar surface. The disks had been autoclaved and 
allowed to soak in the test solutions for 30 sec- 
onds, and had then been permitted to dry in 
empty sterile petri dishes. Agar surfaces contain- 
ing disks soaked in distilled water as well as un- 
soaked disks were included in each experiment. 
After incubation of the inoculated mediums for 
24 and 48 hours at 37 C, the diameters of the 
areas of stimulation or inhibition of growth 
around the disks were measured and the extent of 
the growth in the areas near the periphery of the 
plates was observed. 

Gram stains of cells from colonies adjacent to 


were so varying 
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and distant from the disks were made frequently 
to check for possible contamination and to ascer- 
tain the effect of the test substances and oxytetra- 
cycline on cellular morphology. Before the plates 
were discarded, the pH of the disks and areas 
adjacent to and distant from the disks was tested 
by the addition of a few drops of a dilute solution 
of brom-thymol-blue. 

Qualitative tests were performed with some of 
the test salts in nutrient agar as well as in the 
basal medium previously described. 

The quantitative method followed the pro- 
cedure described by Foster and Pittillo.*:?7 In the 
present study vurious amounts of test solutions 
were added and thoroughly mixed in the liquefied, 
cooled basal or drug-containing medium before it 
was poured into petri plates. The final weight of 
the various cations, anions, or other substances 
added ranged from 0.05 to 2000 ug per ml. When 
large amounts of salts of weak bases and strong 
acids or the reverse were added, it was often 
necessary to readjust the pH to 7.0 with NaOH 
or HCl. To determine the amount of alkali or acid 
required, duplicate tubes of salt-enriched medium 
were prepared, to which were added brom-thy- 
mol-blue. The quantity of alkali or acid needed 
to adjust the pH to 7.0 was noted and this 
amount was added to the tubes actually used in 
the experiments. 

After the neutralized salt-drug-containing 
medium had solidified in petri plates, cells were 
spread on the agar surfaces in a manner identical 
to that used in the qualitative method, except 
that the 24-hour broth culture was diluted so 
that 10 ml contained only between 7000 and 
40,000 viable cells. Of this dilution, 0.05 ml was 
spread on each agar surface. After 24 and 48 
hours of incubation at 37 C, the number of 
colonies that were present on each agar surface 
was counted. Duplicate control plates containing 
oxytetracycline and no added salts, as well as 
duplicate plates containing added salts but no 
oxytetracycline, were included in each experi- 
ment. In addition, triplicate plates of basal 
medium always were included. 

As in the qualitative method, the morphology 
of the cells contained in the colonies was fre- 
quently ascertained; also noted was the size and 
form of the colonies, and the final pH of the 
colonies and surrounding medium. The final pH 
of medium in which no colonies appeared also was 
determined. 


6. Foster, J. W. and Pittillo, R. F. 1953, J. Bact. 
65: 361-367. 

7. Foster, J. W. and Pittillo, R. F. 1953, J. Bact. 
66: 478-486. 








EFFECT OF MULTIVALENT 


TABLE 1 


oc hlorides 
Na™ 
Mg** 
Mn** 
Fet* 
Sn*t++ 
Sb*t+ 
Fe 


Nitrates s 


Sulfates 


Na ‘ 
Mert 


me 


Fe 


c itrates 


Na 
Mgt+ 


IONS ON OXYTETRACYCLINE 


—Test substances added to the basal medium hdha the lactacin e hcsninilis method. 


"Sodium entte 


Autinctastad panty 
Bacitracin (2600 ug per ml) 
Chloramphenicol (60 wg per ml) 
Chlortetracycline (60 ug per ml) 
Penicillin G (60 ug per ml)Tt 
Streptomycin (10 wg per ml) 


+ 


F- 

Cl 
NO;- 
B,O;- 
SS 





007 t 
Oxalate 
Tartrate 
Citrate 
EDTAfT,t 





* Unless otherwise indicated, each disk was soaked in a solution of 1000 ug per ml of test substance. 
t+ On these test substances, quantitative studies also were performed. 


¢ Sodium ethylene diamine tetraacetate, 
chusetts. 


The salts and other test substances employed 
in the study are listed in table 1 


EXPERIMENTAL RESULTS 


Qualitative method.—Of the 41 test 
substances added to the basal medium 
by the qualitative method, 8 strongly 
reversed and 9 slightly reversed the 
bacterial toxicity of oxytetracycline. 
Ten substances slightly enchanced the 


) 


TABLE 


kindly supplied by the Bersworth Chemical Company, Framingham, 


Effects of the test substances on the toxicity of oxytetracycline towards cells of Ps. 


Massa- 


toxicity of the drug and 14 substances 
had no effect. Of the 41 substances, 16 
were toxic in the absence of the anti- 
biotic; this toxicity was neither reversed 
nor enhanced by subinhibitory concen- 
trations of oxytetracycline. The results 
of the qualitative tests are summarized 
in table 2. The sensitivity of cells of the 
2 test strains to the antibiotic was nearly 
identical under all conditions; however, 


aeruginosa 


as determined by the qualitative (disk) method. 


(2) 
Factor of 
reversal or 


enhancement 


Test substance of test 


substance on 


toxicity 
of drug 
(eee te mt) 


MgsSO,, MgCl, MnSO,, MnCl; 


Na:MoQ,, Mg citrate 


FeClh:, FeSO, 


Penicillin G 

Streptomycin, SbCl;, Ca(NOs): 
SnCl, 

FeCl: 

Fe: (SO4)s, Fes 4(NO})s 

Cc o(NOs)s 


HOH, NaCl, Cl, NaF, “NaNO, Nas so, Na:B,O;, 1 
Ba(NOs):, Pb(NOs)2, Cr(NOs)s, ZnSO, 


Bacitracin, Ae Chioramphenicol, 
Sr(NOs)2, Na.EDT 


Na tartrate, Na citrate 


Na oxal: ate 
Chlortetracycline, Hg(NO;):, Na:Se 


AgNOs, NiSO,, 


Cc uSO,. Cdso, 


Constant amount slight stimu- 


Constant amount ‘slight stimu- 





(3) (4) 
Area surrounding disks in 
presence of no or subinhibit- 
ing concentrations of drug 
(see text) 


Summary of effect of test 
substance on toxicity of 
oxytetracycline 


Neither inhibition nor stimula- 
tion around any disk. 





These substances strongly 
reversed the toxicity of 
oxytetracycline. 


lation around all disks. 


Ne ther inhibition nor stimula- 
tion around any disk. 


These substances slightly 
reversed the toxicity of 
oxytetracycline, 


lation around all disks. 


Constant zone of inhibition 


around all disks. 


Neither inhibition nor r stimula- 
tion around any d disk 


These substances had no 
effect on the toxicity o 
oxytetracycline. 


Constant zone ne of “inhibition 
around all disks. 


Neither inhibition nor stimula- 
tion around any disk. 


These substances slightly 
enhanced the toxicity of 
oxytetracycline. 


re onstant zone 
around all disks. 


inhibition 


of 
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the numerical factors of reversal or en- 

hancement listed in table 2 were cal- 

culated from data obtained with cells of 

strain 1. The method for calculation 

follows. 

The concentrations of oxytetracyc- 
line in which each of the 41 substances 
were tested were: 0, 0.1, 0.5, 1.0, 2.0, 
4.0, 6.0, 8.0 12.0, and, in a few cases, 
16.0, 20.0, 24.0, 28.0, and 32.0 wg per ml 
of basal medium. In the control plates 
containing no disks, untreated disks, or 
disks that had been soaked in distilled 
water, the average maximum concen- 
tration of drug at which visible colonies 
appeared was 0.5 wg. per ml after 24 
hours and 2.0 wg. per ml after 48 hours 
of incubation. In column 2 of table 2, 
the ability of various test substances to 
reverse the toxicity of oxytetracycline 
in the basal medium is listed in whole 
numbers. For example, after 48 hours 
at 37 C, visible colonies were present 
around disks soaked in MgCl. in basal 
medium containing as high as 24 ug per 
ml of drug; the factor of reversal of this 
salt is calculated to be 24 ug divided by 
2 we (the highest concentration that 
allowed growth in basal medium), or 12. 
(See also figure 1.) 

On the other hand, if after 48 hours 
growth was completely inhibited at a 
lower concentration of oxytetracycline 
in the presence of a test substance than 
in the unenriched basal medium, the 
antibiotic enhancing power is calculated 
and listed in fractions in column 2. For 
example, after 48 hours the maximum 
concentration at which visible growth 
occurred in the presence of Na citrate 
was 1.0 wg per ml of oxytetracycline; 
the factor of enhancement of this salt is 
calculated to be 1 ug divided by 2 yg, 
or 3. 

In nutrient agar, the average maxi- 
mum concentration of drug at which 
visible colonies appeared was 6.0 ug per 
ml after 24 hours and 8.0 wg per ml after 
48 hours of incubation. This complex 
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medium was accordingly considered to 
have a reversing power of 4 on the toxic- 
ity of oxytetracycline when compared 
with the toxicity of the drug in the 
simple basal medium. 

Column 3 of table 2 contains informa- 
tion relating to the presence of a zone of 
inhibition that surrounded some of the 
disks in either basal or oxytetracycline- 
containing medium. It may be noted 
that subinhibitory concentrations of 
oxytetracycline (i.e., 0.1 and 0.5 ug per 
ml) were unable to reduce or increase 
the sizes of the zones of inhibition. The 
qualitative method, therefore, indicates 
that the drug at these concentrations 
was neither able to reverse nor to en- 
hance the toxicity of the test substances. 

Quantitative method.—The results of 
the quantitative tests usually, but not 
always, confirmed the less precise ob- 
servations made by the qualitative 
method. Of great importance was the 
fact that, in the quantitative method, 
the ability of the test substances to 
stimulate or inhibit growth was very 
clearly distinguished from the effects of 
the test substances on the toxicity of 
oxytetracycline. The results obtained 
with strain 1 after 48 hours are pre- 
sented in tables 3 to 10 and figure 2. 

The end point of sensitivity to oxy- 
tetracycline in the basal medium and in 
each type of test substance-enriched 
medium was calculated to be the quan- 
tity of oxytetracycline that prevented 
50% of the cells from forming visible 
colonies that would otherwise have done 
so in the basal or test substance-enriched 
medium in the absence of the antibiotic. 
This quantity of the drug is called the 
[Ds50 rather than the LDso since it was 
not demonstrated that the inhibited 
cells were killed but only that their rate 
of reproduction was enormously slowed. 
In figure 2, the IDs0 values obtained 
with each of 7 test substances are pre- 
sented. 

During the 6 month period of testing, 
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the [D509 in the basal medium fluctuated 


between 0.35 and 1.0 wg per ml; the 


average value was approximately 0.5 
ug per ml. The small fluctuation is be- 
lieved to have resulted from either small 
variations in the amount of active bi- 
valent cations or other substances in 
various lots of wshed agar or from un- 
known physiological changes in the test 
cells during the many generations em- 
ployed. The IDioo was between 2.0 and 
4.0 wg per ml, which was slightly lower 
than the average |Dyo of 4.0 ug per ml 
obtained in the qualitative method. 


UNIMOCULATED BASAL MEDIUM 


INOCULATED BASAL MEDIUM PLUS 
2.0 YG PER ML OXYTETRACYCLINE 


Fic. 1. 
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It may be noted in tables 3 to 10 and 
figure 2 that the toxicity of oxytetra- 
cycline 
Fett, Megtt, and to some extent by 
Mn++ and MoO;. Low concentrations 
of Mnt+ the 
toxicity of the antibiotic; this phenom- 


was strongly reversed by 


consistently enhanced 
observed 
+ Cutt, Cat 
penicillin G had little or no effect on the 


enon has been previously 


and reported.? Co* , and 


toxicity of oxytetracycline. Ethyene 


Al*+++ 


included in 


diamine tetra acetate and were 
the 


tables or figure; the very slight ability 


inactive and are not 


INOCULATED BASAL MEDIUM ff 


INOCULATED BASAL MEDIUM PLUS 
We 24.0 YG PER ML OXYTETRACYCLINE 


The effect of filter paper disks soaked in MgCl. and NaCl on the 


antibacterial activity of oxytetracycline. 
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of Sn** to reverse the toxicity of the 
drug is indicated in figure 2. In some of 
the quantitative tests (tables 3, 5, 8, 
and 9), slight stimulation by subin- 
hibitory concentrations of oxytetracy- 
cline was occasionally obtained. 

Reversal of toxicity of the drug by the 
salts of multivalent cations is believed 
to result from the presence of various 
cations rather than the respective an- 
ions (NO;-, SO, or Cl-) because when 
the anions were present as sodium salts, 
no effect on the activity of oxytetra- 
cycline was observed when tested by 
the qualitative method. In quantita- 
tive tests previously reported,” the three 
anions slightly enhanced rather than re- 
versed the toxicity of the drug at very 
high salt concentrations. Similarly, the 
effect obtained with Na,MoQ, is be- 
lieved to be due to MoO; rather than 
to Nat, which was inactive when pre- 
sent with all other anions tested. 

The size of the visible colonies after 
48 hours at 37 C depended to a con- 
siderable extent upon the number of 
colonies on each agar surface. If a sur- 
face contained 125 colonies, these were 
much smaller than those on a surface 
containing only 35 colonies. Also in the 
presence of high concentrations of some 
of the salts, colonies on both thickly 
and thinly populated surfaces were 
small. On the other hand, high concen- 
trations of oxytetracycline either sup- 
pressed the formation of visible colonies 
entirely or else allowed the colonies to 
develop to the maximum size permis- 
sible by the other conditions cited 
above. 

In the majority of tests smooth 
colonies developed, but in the presence 
of high concentrations of Mg*+, Mn*-, 
or Fet+™, many of the colonies were 
filamentous. This observation is analo- 
gous to that made by Cole and Braun® 


8. Cole, L. J. and Braun, W. 1950, J. Bact. 60: 
283-289. 
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with broth cultures of a strain of 
Brucella abortus. Also of interest is the 
fact that in the presence of high con- 
centrations of MgSQO,, a precipitate 
(Mg phosphate?) formed which was dis- 
solved by the reproducing cells so that 
a clear halo appeared around each in- 
dividual colony. 

Cellular morphology was quite homo- 
geneous throughout the experiments, 
except in the presence of high concen- 
trations of penicillin plus oxytetracy- 
cline, in which case may of the celis 
appeared longer than usual and a few 
filamentous cells were found. The homo- 
geneity of cellular morphology obtained 
under the many environmental condi- 
tions of this study is not unexpected 
since only cells of visible colonies were 
examined. Cells that were inhibited by 
either oxytetracycline or the test sub- 
stances could not reproduce rapidly 
enough to form visible colonies. Pulver- 
taft has performed an excellent cyto- 
logical study on such cells by continu- 
ously observing agar slide cultures that 
contained varying amounts of oxytet- 
racycline or other antibiotics. °® 

In most of the quantitative and quali- 
tative tests of the present study, the 
buffering action of the synthetic basai 
medium was sufficient to maintain the 
pH at neutrality during incubation. In 
nutrient agar, growth of cells of the test 
strains resulted in the development of 
a alkaline pH. As in previous work,’ 
the addition of large quantities 'of the 
sulfates of Fet*™ or Mn++ to the syn- 
thetic basal medium by the quantita- 
tive method resulted in a final slightly 
acid rather than a neutral pH. However, 
cells of the test strains were able te grow 
satisfactorily in the basal medium at pH 
6.5 and were even more sensitive to oxy- 
tetracycline at this pH than at neutral- 


9. Pulvertaft, R. J. V. 1952, J. Path. & Bact. 64: 
75-89. 
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TABLE 3.—The effect of varying concentrations of added FeSO,:7H20O and oxytetracycline on the number 
of visible colonies developing from a fixed inoculum. The figures represent the 


average colony counts of 6 experiments. 


Fett) Oxytetracycline, ug per ml 
ug per ml 0.0 0.1 1.0 3.0 4.0 8.0 12.0 16.0 20.0 24.0 32.0 
700 0 0 0 0 0 0 0 0 0 0 0 
600 68 73 64 74 74 77 64 73 22 12 0 
500 144 134 176 127 112 116 133 94 96 85 31 
400 128 149 200 126 103 88 121 81 72 75 64 
300 178 179 198 168 144 102 108 115 97 88 48 
200 187 197 181 144 148 126 108 96 65 84 48 
100 182 185 127 110 138 156 140 64 61 68 38 
50 200 214 161 174 138 131 80 80 48 54 13 
10 235 269 306 200 210 153 66 32 11 1 0 
5 252 264 155 96 40 13 18 5 0 0 0 
1 218 158 106 12 1 0 0 0 0 0 0 

0 119 110 41 5 2 


itv. Since the salts of Fe**™ and Mn** 
reversed rather than enhanced the toxic- 
ity of the drug, the action of these salts 
on the antibiotic is apparently inde- 
pendent of their effect on the fiaal hy- 
drogen ion concentration. 

In table 3, it may be noted that the 
addition of between 1 and 300 ug per 
ml Fe+*+™ to the basal medium allowed 
from 2 to 1.5 times as many colonies to 
develop as in the unenriched basal 
medium. Large amounts of penicillin 
or MoO; likewise stimulated more cells 
to form visible colonies. Thus, the 
spreading technique of Foster and Pitt- 
illo® in these instances revealed that the 
basal medium was not the optimum 
medium for maximum growth. Other 
types of inoculation such as streaking or 
spreading thousands of cells on the 
agar surfaces did not reveal this fact. 
Foster and Pittillo® have noted that 
many complex organic supplements are 
found to be toxic rather than stimula- 
tory when less than 200 cells are spread 
on the surface of mediums with and 
without the supplements. Lamanna and 
Mallette’® have observed that the 
spread plate technique with a fixed 
quantity of inoculum is a very conven- 
ient method for testing and comparing 
various mediums. 

In the present work, when small 


10. Lamanna, C. and Mallette, M. F. 1953, 
Basic Bacteriology, Baltimore, The Williams 
and Wilkins Company, pp. 383-384. 


0 0 0 0 0 0 


amounts of FeSO-7H.O were _ incor- 
porated in the medium, a dilution of 
50% was made in the inoculum so that 
the number of developing colonies cculd 
be conveniently and accurately counted. 
The number was then multiplied by 2 
before being entered in table 3. The ob- 
servation that the test strains of Pseudo- 
monas were unusually sensitive to oxy- 
tetracycline was probably due in part to 
the fact that the basal medium con- 
tained suboptimal quantities of Fet*™., 
However, even in nutrient agar which 
presumably contains sufficient Fet+™ 
for maximum growth, the strains were 
fairly sensitive to the drug. In nutrient 
agar, also, the addition of more Fet+ 
or Mg** reversed the toxicity of oxy- 


_ tetracycline. 


In table 6 the extent of stimulation of 
growth by penicillin G may be noted; 
this observation confirms the work of 
Garrod." The mechanisni of stimula- 
tion of gram-negative bacilli by peni- 
cillin remains to be elucidated. 


DISCUSSION 


The phenomenon of reversal of anti- 
biotic activity by bivalent cations has 
been observed with at least 2 other 
drugs: chlortetracycline and polymyxin. 
Van Meter et al noted that oxidation 


11. Garrod, L. P. 1951, Brit. M. J. 1: 205-210. 

12. Van Meter, J. C., Spector, A., Oleson, J. and 
Williams, J. H. 1952, Proc. Soc. Exper. Biol. 
& Med. 81: 215-217. 
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TABLE 4.—The effect of varying concentrations of added MgSO, and oxytetracycline on the number of 
visible colonies developing from a fixed inoculum. The figures represent the 
average colony counts of 5 experiments. 


Mgtt , 
ug per ml 


1800 
1650 
1500 
1350 
1200 
1050 
900 
750 
600 
450 
300 
150 
100 

50 

0 104 
by kidney and liver mitochondria was 
inhibitied by chlortetracycline in the 
absence but not in the presence of Mg**; 
it was cencluded that the drug and met- 
al combined to form an insoluble salt. 
Saz and Slie™ observed that the inhibi- 
tion by chlortetracycline of a bacterial 
cell-free nitro-reductase was reversed by 
the addition of Mn**, and postulated 
that the drug inhibited the enzymatic 
system by chelating this cation, which is 
essential to the system. The reversal of 
various antibacterial activities of chlor- 
tetracycline and oxytetracycline by 
MgCl, has also been reported by Son- 
cin." 

Newton has recently demonstrated 


. Saz, A. K., and Slie, R. B. 1953, J. Am. 
Chem. Soc. 75: 4626. 

. Soncin, E. 1953, Arch. Int. Pharmacodyn. 
94: 346-352. 

. Newton, B. A. 1953, Nature, 172: 160-161. 


Oxytetracycline, ug per ml 


6.0 


that Mg**, Cat+, Mnt-+, and Fett? re- 
versed the ability of polymyxin to in- 
hibit growth of Ps. aeruginosa. He 
found that 400 atoms of Mg** reversed 
1 molecule of polymxin and concluded 
that the nontoxic cations compete with 
polymyxin for absorption sites on or in 
the cells rather than that the ions form 
a complex with the drug. 

In the present study, the number of 
atoms of Mg** that reversed 1 molecule 
of oxytetracycline varied with the con- 
centration of Mgt*; in the range be- 
tween 300 and 1500 ug per ml of Mg**, 
approximately 2000 atoms of Mgt+ 
were required to reverse 1 molecule of 
the drug. Fe+*™ was more efficient: in 
the range between 50 and 400 yg per ml 
of Fe+*™, each molecule of oxytetra- 
cycline was neutralized by between 47 
and 141 atoms of Fe+*™. The most effi- 
cient concentration of Fet*™ was 50 
ug per ml. 


TABLE 5.—The effect of varying concentrations of added MnSO,: H20 and oxytetracycline on the number 
of visible colonies developing from a fixed inoculum. The figures represent 


Mn‘t, 


the average colony counts of 5 experiments. 


Oxytetracycline, ug per ml 





pg per ml 
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TABLE 6.—The effect of varying concentrations of 

added penicillin G and oxytetracycline on the num- 

ber of visible colonies developing from a fixed inocu- 

lum. The figures represent the average colony counts 
of 3 experiments. 


Penicillin 
G, BME 
per ml 0.0 0.5 f 3.0 

1000 32 17 
800 101 48 
600 86 38 
400 102 42 
200 121 49 
100 120 64 

0 81 40 


Oxytetracycline, wg per ml 


Owwnace 


No conclusion concerning the mech- 
anism of metal reversal of the toxicity 
of oxytetracycline should be made at 
this time because certain information is 
lacking concerning the phenomenon. 
For example, the extent of diffusion into 
the cells of pure drug versus the drug- 
metal complex (if any) should be ascer- 
tained. The extent of absorption of oxy- 
tetracycline on the cell surface and on 
enzymes within the cell should be deter- 
mined. Helpful additional information 
would be the precise number of atoms 
of Fe+*™ required for a single normal 
cell division and the number of mole- 
cules of drug required to inhibit a single 
normal cell division. A comparison of 
the effects of the tetracycline com- 
pounds on many isolated bacterial en- 
zyme systems that require specific 
metals with the effects on enzyme sys- 
tems that need no metals must also be 
made. 


In the present work, no evidence of 


TABLE 7.—The effect of varying concentrations of 
added Ca(NO3)2:4H2O and oxytetracycline on the 
number of visible colonies developing from a fixed 
inoculum. The figures represent the average colony 
counts of 3 experiments. 


Cat+ Oxytetracycline, ug per ml 


0.0 ‘ 0.5 


ug per ml — 








1000 
800 
600 
400 
200 
100 

50 
0 
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TABLE 8.—The effect of varying concentrations of 
added Na,MoO,:2H:0 and oxytetracycline on the 
number of visible colonies developing from a fixed 
inoculum. The figures represent the average colony 
counts of 3 experiments. 


MoO-, 
we per 
ml 


Oxytetracycline, ug per ml 


00 O11 O05 10 40 8.0 12.0 16.0 
2000 55 72 3 22 10 0 
1500 98 82 49 17 2 26 
1000 111 108 97 25 k 4 

500 157 184 121 34 0 

250 109 138 29 0 0 
0 90 870 0 0 0 








counteraction by oxytetracycline of the 
toxicity due to metals was observed in 
the qualitative tests. In the quantita- 
tive work, the presence of 0.1, 0.5, or 1.0 
ug per ml of the drug occasionally re- 
sulted in the appearance of slightly 
more visible colonies than in the com- 
parable drug-free metal-enriched con- 
trol medium (tables 3, 5, 8, and 9). 
With respect to the kinds of multi- 
valent cations that could reverse the 
toxicity of oxytetracycline, it should be 
emphasized that the present results 
were obtained by microbiological rather 
than chemical methods of assay. The 
requirements of cells of Pseudomonas for 
a spectrum of metallic ions in definite 
concentrations must certainly have in- 
fluenced the observations. For example, 
Regna et al! reported that salts of Ca++ 
and Bat*+ combined with oxytetracy- 
cline to form insoluble mixed salts. Also, 
Albert® found that Zn*+ and Nit* com- 
bined with the antibiotic. In the present 


TABLE 9.—The effect of varying concentrations of 

added Co(NO;)2:6H20 and oxytetracycline on the 

number of visible colonies developing from a fixed 

inoculum. The figures represent the average colony 
counts of 4 experiments. 





Oxytetracycline, ug per ml 
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oe 
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TABLE 10.—The effect of varying concentrations of 

added -CuSO,-5H2O and oxytetracycline on the 

number of visible colonies developing from a fixed 

inoculum. The figures represent the average colony 
counts of 3 experiments. 


Oxytetracycline, wg per ml 


0.0 0.1 0.5 


0 
2 


40 
69 
49 
47 
40 








work, however, these four ions were in- 
active in reversing the toxicity of the 
drug towards Pseudomonas cells. A 
possible explanation for their inactivity 
is that the drug-metal complexes are 
toxic but that only those metallic ions 
that are most essential to the enzymes 
of Pseudomonas [Fet+t*+™, Mg*+, and to 
some extent Mn++ and MoQ,-] can 
neutralize the toxic drug or drug-metal 
complexes and restore enzymatic activ- 
ity. 

A somewhat analagous situation has 
been reported by Braude et al'® who 
found that oxytetracvcline is almost as 
effective an anticoagulant as is citrate 
and is 10 to 12 times as effective as is 
streptomycin or penicillin. However, 
Ca**+ was unable to reverse the anti- 
coagulating ability of oxytetracycline 
whereas Cat* did reverse the activity 
of the other two antibiotics. 

It was also considered in the present 
study that the addition of a sodium salt 
of a metal-binding ion such as citrate, 
oxalate, tartrate, or ethylene diamine 
tetra acetate might enhance the toxicity 
of oxytetracycline by removing free 
metallic ions from the environment. 
However, in qualitative and quantita- 
tive tests with these salts, only slight 
or no enhancement of the toxicity of the 
drug was obtained. 


16. Braude, A. I., Davey, P. and Siemienski, J. 
1953, Proc. Soc. Exper. Biol. & Med. 83: 
160. 
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The ability of Fet**™ and Mg** to 
reverse the antagonism of oxytetracyc- 
line towards cells of Pseudomonas was 
also observed when nutrient agar was 
employed as the basal medium. The 
phenomenon of metallic ion reversal of 
oxytetracycline and _ chlortetracycline 
also was noted when cells of a strain of 
colorless alga (Prototheca chlorelloides) 
were employed as the test organisms.!’ 
It will be of interest to extend the ob- 
servation to pleuropneumonia-like or- 
ganisms and to the protozoa. And since 
the formation of filamentous cells of 
gram-positive bacilli'®!® and of long 
chains of gram-positive diplococci*® is 
partially a function of the concentration 
of Mgt*, the effect of various concen- 
trations of Mgt* and oxytetracycline 
on the cellular morphology of gram- 
positive bacteria should be thoroughly 
investigated. 

SUMMARY 


The mutual effects of oxytetracycline 
and each of 18 multivalent inorganic 
cations, 8 multivalent anions, and 5 
antibiotics on the growth of cells of 
Pseudomonas aeruginosa was studied. 
The toxicity of oxytetracycline was 
strongly reversed by salts of Fet+t™, 
Mgt+, Mn++, and MoO,-. The inclusion 
in the medium of subinhibiting con- 
centrations of oxytetracycline occasion- 
ally reversed slightly the toxicity of bi- 
valent cations. Penicillin stimulated 
growth of test organisms in the basal 
medium but had no effect on the activ- 
ity of oxytetracycline. To detect mutual 
reversal or enhancement of the toxic- 
ities of drugs and other test substances 
or to detect stimulation of growth by a 
single drug, the spread plate technique 
of Foster and Pittillo is recommended. 


17. Tychbrocher, M. Personal communication. 
18. Shanker, K. and Bard, R. C. 1952, J. Bact. 
63: 279-290. 
. Webb, M. 1953, Science, 118: 607-611. 
- Rochford, E. J. and Mandle, R. J. 1953, J. 
Bact. 66: 554-560. 














RELATIONSHIP BETWEEN BARTONELLA MURIS INFECTION 


AND ACUTE RADIATION EFFECTS IN THE RAT 


J. K. SCOTT AND J. N. STANNARD* 


From the Department of Radiation Biology, University of Rochester School of Medicine and 
Dentistry, Rochester, New York 


Infection with Bartonella muris is 
endemic in many rat colonies. While it 
is now known that the acute infection 
may be prevented by chemotherapy 
with aureomycin and terramycin! or the 
organic arsenicals,? such treatment is 
not usually employed because the in- 
dormant and the animal 
symptom-free splenectomy is 
performed. However, its presence may 
become a complicating factor in experi- 


fection is 
unless 


ments with ionizing radiation because 
of the radiosensitivity of the spleen and 
damage to the _ protective 
Also, the infection may 
play a role in the hematologic changes 
following irradiation since bartonellosis, 
in itself, produces hematuria and 
anemia. The experiments reported here 
were undertaken to ascertain (a) whether 
ionizing radiation from external or in- 
ternal sources would indeed activate 
latent bartonella infection in the rat, 


possible 
mechanism. 
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1. Stanton, M. F., Laskowski, L. and Pinkerton, 
H. 1950, Proc. Soc. Exper. Biol. & Med. 74: 
705-707. 

. Farris, E. J. and Griffith, J. Q. 1949, The Rat 
in Laboratory Investigation, ed. 2, Philadel- 
phia, J. B. Lippincott Co., p. 497. 
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(b) the possible effect of the infection 
on the severity and course of acute ra- 
diation sickness, and (c) any effect of 
irradiation on the course of bartonel- 
losis. It is commonly assumed that the 
infection would exacerbate 
effects. 

The results indicate that both the a 
particles from polonium which have a 
pronounced tendency to concentrate in 
spleen* or whole body irradiation with 
250 KV X rays can activate the disease 
in rats. The relative effects of these 
agents on the subsequent anemia and 
mortality differ, however, both from 
each other and from surgical splenec- 
tomy. Contrary to expectations, the 
presence of the active infection seemed 
to have no tendency to increase the 
mortality. 


radiation 


MATERIALS AND METHODS 


Two strains of rats were used for the polonium 
experiments: one the Sprague-Dawley (Madison, 
Wisconsin), which is normally bartonella-free and 
was kept so under our experimental conditions, 
as evidenced by splenectomy; the other the local 
colony (Wistar derived, but termed here the 
“Rochester” strain), known to carry Haemobar- 
tonella muris latently. The X-ray experiments 
employed only the Rochester rats. The infected 
and uninfected animals were kept in the same 
room but many precautions were taken to pre- 
vent cross-infection. The animals were kept in 
separate cages and the groups kept on separate 
racks whose supports were treated to prevent the 


3. Fink, R. M., ed. 1950, Biological Studies with 
Polonium, Radium, and Plutonium, New 
York, McGraw-Hill Book Co., Inc., pp. 35- 
121. 

4. Finkel, M., Norris, W. P., Kisieleski, W. E. 
and Hirsch, G. M. 1953, Am. J. Roentgenol. 
LXX: 477-485. 








RADIATION-INDUCED BARTONELLOSIS 


access of rat lice, presumed to be a primary car- 
rier of the bartonella infection. The food was kept 
in metal cans away from possible wild rodent con- 
tamination. Controls and survivors were kept for 
many months (usually allowed to complete their 
life-span) and occasional individuals splenecto- 
mized. No evidence of adventitious bartonella in- 
fection appeared in the Sprague-Dawley (unin- 
fected) animals at any time, even though the 
neighboring racks contained many animals with 
infections. 

The polonium dosages were given as the chlo- 
ride by injection into the femoral vein at a level 
of about 40 microcuries per kg body weight. The 
solutions were prepared from a stock in 0.5 N 
HCI by bringing it to pH 6.5 and diluting with 
0.9% saline. Because of its high specific activity 
there is no question of heavy metal toxicity with 
polonium. Also, it decays with almost pure a-par- 
ticle emission to a stable isotope of lead. As indi- 
cated above, its tendency to concentrate in 
spleen makes it of special interest for this study 
because it might be expected to produce an 
Most of the animals in- 
jected were adult males, but occasional females 
were used.f 


‘‘autosplenectomy.”’ 


The X-ray doses were given to adult female 
rats. The dose was 600 r, measured in air, with 
radiation factors as follows: 250 KV, 15 ma; 
aluminum parabolic filter (14 mm thick in center) 
plus 0.5 mm copper; target to skin distance 25 
inches; and rate 19.5 r/min. 

Following treatment all animals in the X-ray 
group and selected animals (set aside for the pur- 
pose) in the polonium group were sampled for red 
cell counts and blood films were prepared. The 
smears were examined especially for the presence 
of Bart. muris organisms in the red cells. Their 
presence in abundance, accompanied by anemia 
and hematuria, was taken as indicative of an ac- 
tive infection. All animals in the polonium- 
treated group were weighed daily. This was not 
done in the X-irradiated animals because of the 
large backlog of such data on animals from this 
colony. Observations were made 6 days a week. 


RESULTS 


Preliminary experiments were per- 
formed to determine the presence or ab- 
sence and course of the bartonellosis in 

+ These females are not included in the 
toxicity data shown. However, no real or regular 
sex differences in the acute lethal effects of either 
polonium or X rays have been found in the course 
of many years of work in this laboratory. 
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the two strains of rats. Fifteen animals 
from the local colony and_ fifteen 
Sprague-Dawley animals were splenec- 
tomized. The latter exhibited no 
changes other than those expected 
following anesthesia and the surgical 
procedures. After splenectomy all of the 
Rochester rats lost weight, had hemo- 
globinuria, and films of the peripheral 
blood showed many bartonella organ- 
isms within the red cells. The hemo- 
lytic crises were repeated and all ani- 
mals developed anemia of varying 
degrees. All died within 2 months, the 
first animal at 4 days, the last at 2 
months. 


1. Polonium experiments 


The first experiment with polonium 
employed 60 animals, 30 Sprague- 
Dawley and 30 Rochester, and was per- 
formed to compare the effect of polo- 
nium on infection-free and infected ani- 
mals. The lethality data are summarized 
in table 1 (exp. 1), expressed as the 
number and percent of animals dying 
in various time intervals after injection. 
The Sprague-Dawley animals received 
an average polonium dose of 46 yuc/kg 
(+4.0, standard deviation) and their 
median survival time was 19 days. The 
Rochester animals received an average 
dose of 43.5 uwc/kg (+4.1) and exhibited 
a median survival time of 34 days. This 
difference in survival time is not only 
much larger than would be expected 
from the small differences in average 
dose® but is in the opposite direction 
from that expected if bartonella infec- 
tion exacerbated the lethal radiation 
effects. 

The Rochester rats always showed 
more anemia (see table 2, exp. 1) and 
bartonella organisms appeared in the 


5. Fink, R. M., ed. 1950, Biological Studies with 

Polonium, Radium, and Plutonium, New 
York, McGraw-Hill Book Co., Inc., pp. 211- 
404. 
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TaBLe 1.—Mortality data for rats injected with 
polonium (number dying during 





designated periods). 
S Rochester 
Rochester with 
Days after nweety Mapharsen 
injection ———— = nn Oa 
Num- Per- Num- Per- Num- Per- 
ber cent ber cent ber cent 
Experiment 1 
0-10 1 3.3 0 0.0 
11-20 14 46.7 3 10.0 
21-30 7 23.3 10 33.3 
31-40 5 16.7 6 20.0 
41-50 2 6.7 6 20.0 
51-60 0 0.0 2 6.7 
61-70 1 3.3 1 wae 
71-90 1 3.3 
>90 1* a.3 
Total 30 30 
—— 46 uwc/kg 43.5 uc/kg 
_ (+ 4.0) (+4.1) 
Experiment 2 
0-10 0 0.0 0 0.0 0 0.0 
11-20 12 54.5 5 20.8 8 36.4 
21-30 7 31.8 9 37.5 7 31.8 
31-40 0 0.0 5 20.8 1 4.6 
41-50 1 4.6 3 12.5 1 4.6 
51-60 0 0.0 1 4.2 3 13.6 
61-70 1 4.6 0 0.0 1 4.6 
71-90 0 0.0 1 4.2 0 0.0 
>90 it 4.6 it 4.6 
Total 22 24 22 
Dose 33.1 pc kg 37.7 pc 4 41 eC kg 
_— (+ 1.2) (+2.7) (+ 2.4) 


* At 106 days. 
+ At 92 days. 
¢ At 152 days. 


peripheral blood at 10 days. By 28 days 
all animals receiving polonium showed 
Bartonella organisms. The Sprague- 
Dawley rats showed less anemia (table 
2) and no evidence of bartonella infec- 
tion. Control animals of either strain 


showed no evidence of bartonella and 
no mortality in 100 days. 

A second experiment was done to 
check and amplify these findings. In 
table 1 (exp. 2) mortality data are given 
for three additional goups of rats. Two 
are essentially repetitions of experi- 
ment 1 and will be discussed here. The 
third is taken up separately. A group of 
22 Sprague-Dawley rats received an 
average polonium dose of 33.1 uc/kg 
(+1.2) and showed a median survival 
time of 20 days. A similar repeat group 
of 25 Rochester rats received an aver- 
age polonium dose of 37.7 uc/kg (+2.7) 
and their median survival time was 27 
days. Thus, the same general result was 
obtained as in experiment 1. The unin- 
fected (Sprague-Dawley) animals 
seemed to die at least as rapidly as the 
Rochester group (even. though their 
polonium dose was slightly lower). The 
small difference in survival times may 
be adventitious, and we would propose 
from these data (and those from experi- 
ment 1) only that the presence of the 
bartonella infection does not increase 
the toxic effects of polonium. 

The data shown thus far do not dis- 
tinguish between the role of infection 
per se and a possible strain difference in 
sensitivity to polonium. An approach to 


TABLE 2.—Average red cell counts of Sprague-Dawley (S-D) and Rochester 





(Roch) rats after polonium injection* 





Experiment 1 


Experiment 2 


Experiment 3 








, . ; Roch with , S-D (un- S-D 
Time S-D Roch, Time, Roch Time : a, 
cian su: : sn: a oH: ; Mapharsen, ' infected), (infected), 
days million/mm? million /mm# days million /mm#? million ‘mm? days snillion/mm?* million /mm?* 
0 8.3 (16)* 8.1 (15)* 0 7.9 (16)* 7.2 (16)* 0 8.1 (27)* 8.5 (24)* 
1 8.4 (16) 8.0 (15) 1-2 7.7 (16) 7.7 (16) 2 8.4 (28) 8.0 (26) 
5 8.0 (16) 7.4 (15) 5-6 7.7 (16) 7.7 (16) 6 8.2 (28) 7.8 (26) 
8 7.9 (16) 7.0 (15) 7-8 7.4 (16) 7.7 (46) 8 8.1 (28) 7.7 (26) 
12 6.8 (15) 6.1 (15) 12-13 6.5 (16) 7.2 (15) 13-15 5.4 (29) 5.4 (26) 
15 5.5 (10) 5.1 (15) 14-15 5.8 (16) 6.0 (16) 17 4.6 (4) 5.1 (7) 
18 5.3 (4) 4.3 (13) 19-20 4.7 (16) 5.1 (14) 20 3.4 (4) 4.3 (3) 
22 4.0 (4) 3.7 (13) 21-22 4.4 (16) 4.7 (11) 22 2.8 (2) 2.5 (2) 
26 4.5 (5S)t 4.1 (8) 26-27 3.6 (13) 5.5 (7) 
28 5.4(7)f 3.9 (6) 28-29 3.6 (11) 5.4 (7) 
32 5.4 (6) 3.3 (6) 33-34 2.9 (9) 4.7 (7) 
35 §.5 (5) 3.1 (5S) 35-36 2.8 (8) 4.3(7) 
41-44 2 3.1 (6) 


-0 (6) 





* Numbers in parentheses give number of animals counted. 
t Additional animals counted because of deaths in this group. 
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RADIATION-INDUCED BARTONELLOSIS 


analyzing this factor is seen in the third 
group of animals of experiment 2. The 
infection was prevented in Rochester 
rats by treatment with a chemother- 
apeutic agent, oxophenarsine hydro- 
chloride, Mapharsen (5 mg/kg), prior 
to the polonium injection and the sub- 
sequent response to polonium studied. 
As a preliminary check of the effective- 
ness of treatment, a group of animals 
was given Mapharsen and subsequently 
splenectomized. No animal developed 
an active bartonellosis, in contrast to 
100% incidence in splenectomized ani- 
mals not receiving Mapharsen. For the 
toxicity test 22 animals of the local 
colony were treated with Mapharsen 
and 2 days later received a dose of 
polonium averaging 41 ywc/kg (+2.4). 
Their median survival time was 22 days. 
These data are shown in table 1, last 
column. The dosage in this group was 
slighly higher than in those not treated 
with Mapharsen, making the decrease 
in survival time difficult to interpret 
accurately. However, there is no evi- 
dence that prevention of the bartonel- 
losis decreased the radiation sensitivity 
of the animals, and the trend is toward 
increasing the sensitivity of the ani- 
mals to polonium. (Note that an un- 
treated group in experiment 1 received 
43.5 uwc/kg [+4.1] of polonium and their 
median survival time was 34 days.) 
Thus the Rochester rat without barto- 
nellas becomes, if anything, more like 
the Sprague-Dawley in sensitivity to 
the acute effects of polonium, and is not 
at all aided in coping with the radia- 
tion stress. 

The Mapharsen-treated animals lost 
weight at about the same rate as the un- 
treated group, but the anemia was less 
severe than controls, as illustrated in 
table 2. Bartonella bodies always ap- 
peared in the red cells of the animals 
not receiving Mapharsen prior to polo- 
nium exposure, while they were never 
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definitely identified in the Mapharsen- 
treated group. 

Hematological studies were not made 
on the Sprague-Dawley animals in this 
2nd experiment until the 33rd day. At 
this time their red cell counts were 6.2 
million cells/mm * (2 animals). At 35 days 
the average count was 5.5 (2 animals) 
and, at 41 to 44 days, 4.8 million cells/ 
mm (3 animals). 

Since the Sprague-Dawley rats grow 
more rapidly than the Rochester-Wistar 
strain (they were about 85 g heavier at 
age of injection) and appeared to have 
more fat, the absolute dose of polonium 
to the .radiosensitive tissues in these 
animals might have been relatively 
greater than expected from the nominal 
dosages given. To check this possibility 
tissue distribution studies were made on 
three of these animals. Comparison of 
the percentage of dose remaining in 
liver, lung, spleen, kidney, bone, muscle, 
lymph nodes, bone marrow, adrenal and 
intestine of these rats, with similar data 
for a large number of the local animals*® 
(unpublished observations by Stan- 
nard), did not indicate differences which 
could account for the greater sensitivity 
of the Sprague-Dawley strain. 

A third large experiment was con- 
ducted to differentiate, if possible, the 
relative roles of bartonella infectio: 
and inherent radiation sensitivity in the 
Sprague-Dawley strain. For this pur- 
pose, 31 Sprague-Dawley rats were in- 
fected with bartonellosis by intravenous 
injection of 0.1 to 0.2 ml of blood from 
splenectomized animals of the local 
colony bearing active infections. Three 
of these animals were splenectomized 
after 3 weeks and soon exhibited evi- 
dence of intravascular hemolysis and 
bartonella bodies in the red cells; two 
died as a result of infection. After ap- 
proximately 6 weeks the remainder of 
this group and 30 uninfected animals re- 
ceived about 40 uc/kg (38 to 44 uc/kg 
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in different subgroups) of polonium 
chloride intravenously. The changes in 
red cell counts are shown in table 2 
listed as experiment 3. The infected ani- 
mals showed earlier anemia, episodes of 
gross hematuria, and bartonella bodies 
appeared in the red cells at about 15 
days after the polonium injection. No 
evidence of bartonellosis appeared in the 
uninfected animals. The median sur- 
vival time for both groups was 15.5 
days; no difference in lethality was seen 
between infected and uninfected groups. 
The shapes of survival curves (not 
shown) were about identical also. Thus, 
the presence of active bartonellosis 
seemed to play little part in determining 
the acute toxicity of polonium to these 
animals. f 


2. X-ray experiments 


The primary purpose of these experi- 
ments was to determine whether or not 
latent bartonellosis could be activated 
by X irradiation as it was by polonium 
injection. Thirty-two female§$ rats of 
the local colony known to harbor the 
infection were exposed to 600 r as de- 
scribed above. Following irradiation, red 
blood cell counts and blood films were 
taken three times a week. Any animals 
not showing active bartonellosis during 
the postirradiation period were sple- 
nectomized at 40 days after irradiation. 
This was done to be certain they indeed 
carried the latent infection. Nine ani- 
mals were splenectomized but not ir- 
radiated to compare the results of sur- 
gical splenectomy with radiation effects. 


t Note also that the median survival time for 
Sprague-Dawley animals is again considerably 
shorter than for the Rochester rats in agreement 
with Experiments 1 and 2. 

§ The choice of females for the x-ray experi- 
ment was for practical reasons. As stated earlier, 
no real sex differences in acute radiosensitivity 
have been found for the rat in this laboratory, nor 
would a difference in activation of bartonellosis 
be expected from recorded data. 
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The mean red cell counts in this ex- 
periment are shown in table 3. The three 
groups are: (a) radiated animals show- 
ing bartonella infection, (b) radiated 
animals never showing organisms and 
(c) splenectomized rats, not irradiated. 
The figures refer to the average of all 
animals in the category regardless of 
when the infection was manifest. 

The degree of anemia occurring in the 
animals with active bartonellosis was 
greater than in those in which the infec- 
tion was not activated, and its most 
serious manifestations could be seen 
to coincide with the occurrence of or- 
ganisms in the blood (last column of 
table 3). Not shown in the mean figures, 
however, is the fact that the number of 
organisms and degree of anemia varied 
considerably among different animals. 
Three of the 32 animals died durirg the 
experiment, two had active bartonella 
infection at the time of death, and one 
did not. Further assay of mortality was 
not made because all remaining animals 
were splenectomized at 40 days as de- 
scribed above. Latent infection was ac- 


TABLE 3.—Effect of X irradiation on mean red cell 
count in Rochester rats and the appearance of 
bartonella organisms in the red cells. 








Splenec- 














Days Irradiated : Percent of 
on ir- tomized radiated 
radiation animals 

Bar- Bar- - 
or sple- tonella tonella (Not ir- showing 
nectomy positive negative radiated) D@ttonella 
on ion / 
— / ans / siiiion ‘Percent 
Pre- 
irradiation 8.0 8.2 7.8 0 
3 7.8 7.4 6.3 0 
5 6.6 6.7 3.9 0 
7 5.8 5.9 3.6 0 
10 5.5 5.3 4.3 6 
12 4.2 5.5 4.5 44 
14 3.9 3.3 4.3 44 
17 4.7 6.2 4.9 50 
19 5.3 6.2 4.4 53 
21 5.3 6.1 4.6 56 
24 5.4 6.2 4.6 69 
26 5.9 6.6 4.5 69 
28 5.9 6.5 4.7 69 
31 6.2 6.7 5.1* 69 
33 6.3 6.8 5.1T 69 
38 6.4 6.9 4.9 69 
Number of 
animals 22 10 9 
* 32 days. 


Tt 34 days. 












tivated by surgical splenectomy in all 
cases. 

The nine animals which were splenec- 
tomized surgically developed anemia 
much more rapidly than the X-radi- 
ated animals and recovery was much de- 
layed or incomplete. Also, bartonella 
bodies appeared in the blood by the 4th 
postoperative day in contrast to the 
much slower appearance after irradia- 
tion (the first radiated animal showed 
these on the 10th day, the last of those in- 
fected on the 25th day. The time-course 
after splenectomy described above 
agrees with findings on a larger number 
of splenectomized rats studied in prepa- 
ration for the polonium experiments. 
Thus, X irradiation can activate latent 
bartonellosis in the rat, but not as 
rapidly or as regularly as surgical sple- 
nectomy. The infection is much more 
severe after polonium injection than 
after X irradiation. 


DISCUSSION 


While this work was in progress 
Rekers*® published evidence that X ir- 
radiation (700 to 750 r) could activate 
latent bartonellosis in Slonaker-Addis 
and Sprague-Dawley rats. The former 
strain carried the infection endemically, 
while the Sprague-Dawley were inoc- 
ulated de novo when desired. Thus the 
X-ray data in the present experiment 
confirm this finding and extend it to the 
Wistar-derived Rochester strain. Rekers 
does not give detailed hematological 
data to allow comparison with our ani- 
mals. On the other hand, he was able 
to obtain mortality figures after X ir- 
radiation and found a decreased mortal- 
ity for this dose of X rays in the infected 
rats. This was true whether the animals 
were initially infection-free or made so 
by treatment with antibiotics. Qualita- 
tively, this is parallel to our results with 


6. Rekers, P. E. 1951, J. Infect. Dis. 88: 224-229. 
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polonium. Recently Friedell’ noted a 
relationship between bartonella infec- 
tion and some radiation effects in the 
rat, but could find no influence on sur- 
vival. 

Thus all experiments available to date 
indicate that animals bearing bartonella 
infection survive the acute effects of 
either X irradiation or a particle damage 
as long as controls on the average, de- 
spite the more severe degrees of anemia 
encountered. On the other hand, it is 
clear that the infection may play a real 
part in the hematological changes follow- 
ing radiation. 

The differences in the course of active 
bartonellosis produced by surgical sple- 
nectomy, polonium injection, and X ir- 
radiation require comment. In terms of 
severity of the anemia splenectomy pro- 
duces the most drastic changes, while 
polonium and X irradiation produce, in 
the order named, less marked decreases 
in red cell count and slower activation 
of the infection. After surgical splenec- 
tomy there were recurrent periods of 
gross hematuria. While usually occur- 
ring at least once these recurred less fre- 
quently after polonium injection and 
recurrences were seldom seen after X 
irradiation. The peripheral blood 
showed evidence of active regeneration 
after surgical splenectomy (reticulo- 
cytosis, nucleated red cells, anisocyto- 
sis, poikilocytosis, basophilia, etc.), but 
this was not observed in the animals re- 
ceiving polonium. There was some re- 
generation of red cell elements in the 
X irradiated animals. The explanation 
for the difference between surgical 
splenectomy and _ polonium-induced 
“‘splenectomy”’ probably lies in the rel- 
ative completeness of the destruction. 
It is well known that polonium dis- 


7. Friedell, H. L. April 1952, Monthly Progress 
Rep., Atomic Energy Project, Western Re- 
serve Univ., NYO-1646, 6 pp. 
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tributes itself rather unevenly in tissues® 
and the subsequent damage may thus 
be only partial. Recovery in the spleen 
is also irregular, with areas of degenera- 
tion in close juxtaposition to areas of 
repair.® In the case of external radiation 
the spleen gradually returns to normal, 
which might account for the more rapid 
recovery of the red cell count, but the 
delay in appearance of the organisms in 
peripheral blood cannot be easily ex- 
plained. The destructive action of this 
dosage of X rays on lymphoid tissues 
occurs quite rapidly. 

A comparison of relative dosages to 
the spleen from Xray and polonium in 
these experiments may account, in part, 
for the greater severity of effects with 
polonium. Both doses are in the range of 
acutely lethal doses for the whole ani- 
mal, but because of the tendency of 
polonium to concentrate and remain in 
the spleen for appreciable periods, the 
dose to this organ is more than ten times 
that received in the X irradiation. Thus 
the total dose to the spleen when the 
animal receives 40 pc/kg body weight 
would be about 1500 rep and that re- 
ceived in 30 days about 6300 rep. These 
figures are to be compared with 600 r of 
250 KV X irradiation received in the 
X-ray experiment. The difference in 
expected damage could be increased by 
another factor of 20 if commonly ac- 
cepted figures for the relative biological 
effectiveness of @ particles are consid- 
ered.!° 


8. Gallimore, J. C., Boyd, G. A., and Stannard, 
J. N. 1954, Anat. Rec. 118: 253-274. 

9. Casarett,G. W. 1952, University of Rochester 
Atomic Energy Project Report UR-201, pp. 
167-211. (Copies may be obtained from the 
Reference Branch, Technical Information 
Service, U. S. Atomic Energy Commission, 
Post Office Box 62, Oak Ridge, Tennessee.) 

10. N.B.S. Handbook #52, 1953. Maximum per- 

missible amounts of radioisotopes in the hu- 


The experiment with Mapharsen is 
not completely controlled in that the 
Mapharsen itself may have affected the 
toxicity of the polonium. While further 
study of this point is desirable, the pres- 
ent conclusions are not materially af- 
fected by this possibility. 


SUMMARY 


1. It has been shown that latent 
Bartonella muris infection in the rat can 
be activated by injecting the radio- 
active element, polonium”®, or by whole 
body exposure to 600 r of 250 KV Xrays. 
The anemia develops less rapidly and is 
not as severe as when the infection is 
activated by splenectomy. 

2. The animals in which the infection 
is activated develop a more marked 
anemia after irradiation than uninfected 
animals. Despite this fact, however, the 
survival time after polonium was either 
unchanged or possibly slightly longer in 
the rats with active infection. This was 
true in the results of three types of 
experiment: (a) comparison of a strain 
of rats not carrying the disease (Spra- 
gue-Dawley) to one known to harbor 
the infection latently (Rochester), (b) 
comparison of a group of rats from the 
infected strain (Rochester) with a group 
from the same strain in which the in- 
fection was prevented by Mapharsen 
treatment and (c) comparison of a group 
from the normally uninfected strain 
with a group from the same strain ino- 
culated with the disease. 

3. It isconcluded that the presence of 
an active bartonella infection in the rat 
does not exacerbate the lethal effects of 
an acute radiation dose, although the 
hematological response may be markedly 
altered. 








man body and maximum permissible concen- 
trations in air and water, U. S. Department 
of Commerce, 45 pp. 
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